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TARGETED CHROMOSOMAL GENOMIC ALTERATIONS IN PLANTS 
USING MODIFIED SINGLE STRANDED OLIGONUCLEOTIDES 

Field Of The Invention 

The technical field of the invention is oligonucleotide-directed repair or alteration of plant 
genetic information using novel chemically modified oligonucleotides. 

Background Of The Invention 

A number of methods have been developed specifically to alter the genomic information 
of plants. These methods generally include the use of vectors such as, for example, T-DNA, carrying 
nucleic acid sequences encoding partial or complete portions of a particular protein which is expressed in 
a cell or tissue to effect the alteration. The expression of the particular protein then results in the desired 
phenotype. See, for example, United States Patent 4,459,355 which describes a method for transforming 
plants with a DNA vector and United States Patent 5,188,642 which describes cloning or expression 
vectors containing a transgenic DNA sequence which when expressed in plants confers resistance to the 
herbicide glyphosate. The use of such transgene-containing vectors adds one or more exogenous copies 
of a gene in a usually random fashion at one or more integration sites of the plant's genome at some 
variable frequency. The introduced gene may be foreign or may be derived from the host plant Any 
gene which was originally present in the genome, which may be, for example, a normal allelic variant; 
mutated, defective, and/or functional copy of the introduced gene, is retained in the genome of the host 
plant 

These methods of gene alteration are problematic in that complications which can 
compromise the vigor, productivity, yield, etc. of the plant may result One such problem is that insertion 
of exogenous nucleic acid at random location(s) in the genome can have deleterious effects. The random 
nature of this insertion and/or the use of exogenous promoters can also cause the timing, location or 
strength of expression of the introduced transgene to be inappropriate or unpredictable. Another problem 
with such systems includes the addition of unnecessary and unwanted genetic material to the genome of 
the recipient including, for example, T-DNA ends or other vector remnants, exogenous control 
sequences required to allow production of the transgene protein, which control sequences may be 
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exogenous or native to the host plant and/or the transgene, and reporter genes or resistance markers. 
Such remnants and added sequences may have presently unrecognized consequences, for example, 
involving genetic rearrangements of the recipient genomes. In addition, concerns have been raised with 
consumption, especially by humans, of plants containing such exogenous genetic material. 

More recently, simpler systems involving poly- or oligo- nucleotides have been described 
for use in the alteration of genomic DNA. These chimeric RNA-DNA oligonucleotides, requiring 
contiguous RNA and DNA bases in a double-stranded molecule folded by complementarity into a double 
hairpin conformation, have been shown to effect single basepair orframeshift alterations, for example, for 
mutation or repair of plant animal or fungal genomes. See, for example, WO 99/07865 and U.S. Patent 
5,565,350. In the chimeric RNA-DNA oligonucleotide, an uninterrupted stretch of DNA bases within the 
molecule is required for sequence alteration of the targeted genome while the obligate RNA residues are 
involved in complex stability. Due to the length, backbone composition, and structural configuration of 
these chimeric RNA-DNA molecules, they are expensive to synthesize and difficult to purify. Moreover, if 
the RNA-containing strand of the chimeric RNA-DNA oligonucleotide is designed so as to direct gene 
alteration, a series of mutagenic reactions resulting in nonspecific base alteration can result Such a 
result reduces the utility of such a molecule in methods designed for targeted gene alteration. 

Alternatively, other oligo- or poly- nucleotides have been used which require a triplex 
forming, usually polypurine or polypyrimidine, structural domain which binds to a DNA helical duplex 
through Hoogsteen interactions between the major groove of the DNA duplex and the oligonucleotide. 
Such oligonucleotides may have an additional DNA reactive moiety, such as psoralen, covalently linked 
to the oligonucleotide. These reactive moieties function as effective intercalation agents, stabilize the 
formation of-a triplex and can be mutagenic. Such agents may be required in order to stabilize the triplex 
forming domain of the oligonucleotide with the DNA double helix if the Hoogsteen interactions from the 
oligonucleotide/target base composition are insufficient. See, e.g., U.S. Patent 5,422,251. The utility of 
these oligonucleotides for directing targeted gene alteration is compromised by a high frequency of 
nonspecific base changes. 

In more recent work, the domain for altering a genome is linked or tethered to the triplex 
forming domain of the bi-functional oligonucleotide, adding an additional linking or tethering functional 
domain to the oligonucleotide. See, e.g., Culver et at, Nature Biotechnology 17: 989-93 (1999). Such 
chimeric or triplex forming molecules have distinct structural requirements for each of the different 
domains of the complete poly- or oligo-nucleotide in order to effect the desired genomic alteration in either 
episomal or chromosomal targets. 
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Other genes, e.g. CFTR, have been targeted by homologous recombination using duplex 
fragments having several hundred basepairs. See, e.g., Kunzelmann et al.. Gene Ther. 3:859-867 
(1996). Similar efforts to target genes by homologous recombination in plants using large fragments of 
DNA had some success. See Kempin et al., Nature 389:802-803 (1 997). However, the efficiency and 
reproducibility of the published homologous recombination approach in plants has severely limited the 
widespread use of this method. 

Earlier experiments to mutagenize an antibiotic resistance indicator gene by homologous 
recombination used an unmodified DNA oligonucleotide rather than larger fragments of DNA, wherein the 
oligonucleotide had no functional domains other than a region of complementary sequence to the target 
See Campbell et al., New Biologist 1 : 223-227 (1989). These experiments required large concentrations 
of the oligonucleotde, exhibited a very low frequency of episomal modification of a targeted exogenous 
plasmid gene not normally found in the cell and have not been reproduced. However, as shown in 
examples herein, we have observed that an unmodified DNA oligonucleotide can convert a base at low 
frequency which is detectable using the assay systems described herein. 

Oligonucleotides designed for use in the targeted alteration of genetic information are 
significantly different from oligonucleotides designed for antisense approaches. For example, antisense 
oligonucleotides are perfectly complementary to and bind an mRNA strand in order to modify expression 
of a targeted mRNA and are used at high concentration. As a consequence, they are unable to produce a 
gene conversion event by either mutagenesis or repair of a defect in the chromosomal DNA of a host 
genome. Furthermore, the backbone chemical composition used in most oligonucleotides designed for 
use in antisense approaches renders them inactive as substrates for homologous pairing or mismatch 
repair enzymes and the high concentrations of oligonucleotide required for antisense applications can be 
toxic with some types of nucleotide modifications. In addition, antisense oligonucleotides must be 
complementary to the mRNA and therefore, may not be complementary to the other DNA strand or to 
genomic sequences that span the junction between intron sequence and exon sequence. 

Artificial chromosomes can be useful for the screening purposes identified herein. These 
molecules are man-made linear or circular DNA molecules constructed from essential cis-acting DNA 
sequence elements that are responsible for the proper replication and partitioning of natural 
chromosomes (Murray etal, 1983). The essential elements are: (1) Autonomous Replication Sequences 
(ARS), (2) Centromeres, and (3) Telomeres. 

Yeast artificial chromosomes (YACs) allow large segments of genomic DNA to be cloned 
and modified (Burke et al., Science 236:806; Peterson et al., Trends Genet 1 3:61 (1 997); Choi, et al., Nat 
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Genet, 4:117-223 (1993), Davies, etal., Biotechnology 11:911-914 (1993), Matsuura, etal., Hum. Mol. 
Genet, 5:451-459 (1996), Peterson etal., Proc. Natl. Acad. Sci., 93:6605-6609 (1996); and Schedl, etal., 
Cell, 86:71-82 (1996)). Other vectors also have been developed for the cloning of large segments of 
genomic DNA, including cosmids, and bacteriophage P1 (Sternberg etal., Proc. Natl. Acad. Sci. U.S.A, 
87:103-107 (1990)). YACs have certain advantages over these alternative large capacity cloning vectors 
(Burke et al., Science, 236:806-812 (1987)). The maximum insert size is 35-30 kb for cosmids, and 100 
kb for bacteriophage P1 , both of which are much smaller than the maximal insert size for a YAC. 

An alternative to YACs are cloning systems based on the £ coli fertility factor that have 
been developed to construct large genomic ONA insert libraries. They are bacterial artificial 
chromosomes (BACs) and P-1 derived artificial chromosomes (PACs) (Mejia et al., Genome Res. 
7:179-186 (1997); Shizuya et al., Proc. Natl. Acad. Sci. 89:8794-8797 (1992); loannou et al., Nat Genet, 
6:84-89 (1994); Hosoda et al., Nucleic Acids Res. 18:3863 (1990)). BACs are based on the £. coli fertility 
plasmid (F factor); and PACs are based on the bacteriophage P1 . These vectors propagate at a very low 
copy number (1-2 per cell) enabling genomic inserts up to 300 kb in size to be stably maintained in 
recombination deficient hosts. The PACs and BACs are circular DNA molecules that are readily isolated 
from the host genomic background by classical alkaline lysis (Birnboim et al., Nucleic Acids Res. 
7:1513-1523 (1979)). In addition, BACs have been developed for transformation of plants with high- 
molecular weight DNA using the T-DNA system (Hamilton, Gene 24:107-1 16 (1997); Frary & Hamilton, 
Transgenic Res. 10: 121-132 (2001)). 

A need exists for simple, inexpensive oligonucleotides capable of producing targeted 
alteration of genetic material such as those described herein as well as methods to identify optimal 
oligonucleotides that accurately and efficiently alter target DNA. 

Summary Of The Invention 

Novel, modified single-stranded nucleic acid molecules that direct gene alteration in 
plants are identified and the efficiency of alteration is analyzed both in vitro using a cell-free extract assay 
and in vivo using a yeast system and a plant system. The alteration in an oligonucleotide of the invention 
may comprise an insertion, deletion, substitution, as well as any combination of these. Site specific 
alteration of DNA is not only useful for studying function of proteins in vivo, but it is also useful for creating 
plants with desired phenotypes, including, for example, environmental stress tolerance, improved 
nutritional value, herbicide resistance, disease resistance, modified oil production, modified starch 
production, and altered floral morphology including selective sterility. As described herein, 
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oligonucleotides of the invention target directed specific gene alterations in genomic double-stranded 
DNA in cells. The target genomic DNA can be nuclear chromosomal DNA as well as plastid or 
mitochondrial chromosomal DNA. The target DNA can also be a transgene present in the plant cell, 
including; for example, a previously introduced T-DNA For screening purposes, the target plant DNA can 
also be extrachromosomal DNA present in plant or non-plant cells in various forms including, e.g., 
mammalian artificial chromosomes (MACs), PACs from P-1 vectors, yeast artificial chromosomes (YACs), 
bacterial artificial chromosomes (BACs), plant artificial chromosomes (PLACs), as well as episomal DNA 
including episomal DNA from an exogenous source such as a plasmid or recombinant vector. Many of 
these artificial chromosome constructs containing plant DNA can be obtained from a variety of sources, 
including, e.g., the Arabidopsis Biological Resource Center (ABRC) at the Ohio State University, and the 
Rice Genome Research Program at the MAFF DNA bank in Ibaraki, Japan. The target DNA may be 
transcriptionally silent or active. In a preferred embodiment the target DNA to be altered is the non- 
transcribed strand of a genomic DNA duplex. In a more preferred embodiment, the target DNA to be 
altered is the non-transcribed strand of a transcribed gene of a genomic DNA duplex. 

The low efficiency of targeted gene alteration obtained using unmodified DNA 
• oligonucleotides is believed to be largely the result of degradation by nucleases present in the reaction 
mixture or the target cell. Although different modifications are known to have different effects on the 
nuclease resistance of oligonucleotides or stability of duplexes formed by such oligonucleotides (see, 
e.g., Koshkin et al., J. Am. Chem. Soc. 120:13252-3), we have found that it is not possible to predict 
which of any particular known modification would be most useful for any given alteration event, including 
for the construction of gene alteration oligonucleotides, because of the interaction of different as yet 
unidentified proteins during the gene alteration event Herein, a variety of nucleic acid analogs have been 
developed that increase the nuclease resistance of oligonucleotides that contain them, including, e.g., 
nucleotides containing phosphorothioate linkages or 2-O-methyl analogs. We recently discovered that 
single-stranded DNA oligonucleotides modified to contain 2-O-methyl RNA nucleotides or 
phosphorothioate linkages can enable specific alteration of genetic information at a higher level than 
either unmodified single-stranded DNA or a chimeric RNA/DNA molecule. See, for example, copending 
applications United States application no. 60/208,538, United States application no. 60/244,989, United 
States application no. 09/818,875, international application no. PCT/US01/09761 and Gamper etal., 
Nucleic Acids Research 28: 4332-4339 (2000), the disclosures of which are incorporated herein in their 
entirety by reference. We also found that additional nucleic acid analogs which increase the nuclease 
resistance of oligonucleotides that contain them, including, e.g., locked nucleic acids" or "LNAs", xylo- 
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LNAs and L-ribo-LNAs; see, for example, Wengel & Nielsen, WO 99/14226; Wengel, WO 00/56748; 
Wengel, WO 00/66604; and Jakobsen & Koshkin, WO 01/25478 also allow specific targeted alteration of 
genetic information. 

The assay allows for determining the optimum length of the oligonucleotide, optimum 
sequence of the oligonucleotide, optimum position of the mismatched base or bases, optimum chemical 
modification or modifications, optimum strand targeted for identifying and selecting the most efficient 
oligonucleotide for a particular gene alteration event by comparing to a control oligonucleotide. Control 
oligonucleotides may include a chimeric RNA-DNA double hairpin oligonucleotide directing the same 
gene alteration event an oligonucleotide that matches its target completely, an oligonucleotide in which all 
linkages are phosphorothiolated, an oligonucleotide fully substituted with 2'-0-methyl analogs or an RNA 
oligonucleotide. Such control oligonucleotides either fail to direct a targeted alteration or do so at a lower 
efficiency as compared to the oligonucleotides of the invention. The assay further allows for determining 
the optimum position of a gene alteration event within an oligonucleotide, optimum concentration of the 
selected oligonucleotide for maximum alteration efficiency by systematically testing a range of 
concentrations, as well as optimization of either the source of cell extract by testing different plants or 
strains, or testing cells derived from different plants or strains, or plant cell lines. Using a series of 
single-stranded oligonucleotides, comprising all RNA or DNA residues and various mixtures of the two, 
several new structures are identified as viable molecules in nucleotide conversion to direct or repair a 
genomic mutagenic event When extracts from mammalian, plant and fungal cells are used and are 
analyzed using a genetic readout assay in bacteria, single-stranded oligonucleotides having one of 
several modifications are found to be more active man a control RNA-DNA double hairpin chimera 
structure when evaluated using an in vitro gene repair assay. Similar results are also observed in vivo 
using yeast mammalian and plant cells. Molecules containing various lengths of modified bases were 
found to possess greater activity than unmodified single-stranded DNA molecules. 

Detailed Description Of The Invention 

The present invention provides oligonucleotides having chemically modified, nuclease 
resistant residues, preferably at or near the termini of the oligonucleotides, and methods for their 
identification and use in targeted alteration of plant genetic material, including gene mutation, targeted 
gene repair and gene knockout The oligonucleotides are preferably used for mismatch repair or 
alteration by changing at least one nucleic acid base, or for frameshift repair or alteration by addition or 
deletion of at least one nucleic acid base. The oligonucleotides of the invention direct any such alteration, 
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including gene correction, gene repair or gene mutation and can be used, for example, to introduce a 
polymorphism or haplotype or to eliminate ("knockout") a particular protein activity. For example, gene 
alterations that knockout a particular protein activity can be obtained using oligonucleotides designed to 
convert a codon in the coding region of the protein to a stop codon, thus prematurely terminating 
translation of the protein. Oligonucleotides that introduce stop codons in the open-reading-frame of the 
protein are one embodiment of the invention. Generally, oligonucleotides that introduce stop codons 
early in the open-reading-frame of the protein are preferred. If the open-reading-frame contains more 
than one methionine, oligonucleotides that introduce stop codons after the second methionine are 
preferred. Additionally, if the gene exhibits alternative splice sites, oligonucleotides that introduce stop 
codons in exons after the alternative splice site are preferred. The following table provides examples of 
codons that can be converted to stop codons by altering a single oligonucleotide. A skilled artisan could 
readily identify other codons that can be converted to stop codons by altering one, two or three of the 
base pairs in a given codon. Similarly, a skilled artisan could readily identify codons that can be 
converted to stop codons by a frameshift mutations that inserts or deletes one or two base pairs in the 
open-reading-frame. It is also understood that more than one stop codon can be generated in a single 
open-reading-frame and that these stop codons can be adjacent in the sequence or separated by 
intervening codons. Where more than one stop codon is introduced into a single open-reading-frame, 
such alterations can be generated by a single or multiple oligonucleotides and can be generated 
simultaneously or by sequential mutagenesis of the target nucleic acid. 



Original codons* 


Corresponding stop codon 


GGA (glycine), AGA (arginine), CGA (arginine), TTA (leucine), 
TCA (serine), TGI (cysteine), TGG (tryptophan), TGC (cysteine) 


TGA 


AAG (lysine), GAG (glutamate), CAG (glutamine), TJG (leucine), 
TCG (serine), JQG (tryptophan), TAT (cysteine), TAC (tyrosine) 


TAG 


AAA (lysine), GAA (glutamate), CAA (glutamine), TTA (leucine), 
TCA (serine), TAJ. (cysteine), TAC (tyrosine) 


TM 



*The amino acid encoded by the original codon is shown in parentheses and the base targeted for 
alteration to convert the codon to the corresponding stop codon is underlined and in bold 
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The oligonucleotides of the invention are designed as substrates for homologous pairing 
and repair enzymes and as such have a unique backbone composition that differs from chimeric RNA- 
DNA double hairpin oligonucleotides, antisense oligonucleotides, and/or other poly- or oligonucleotides 
used for altering genomic DNA, such as triplex forming oligonucleotides. The single-stranded oligo- 
nucleotides described herein are inexpensive to synthesize and easy to purify. In side-by-side 
comparisons, an optimized single-stranded oligonucleotide comprising modified residues as described 
herein is significantly more efficient than a chimeric RNA-DNA double hairpin oligonucleotide in directing a 
base substitution or frameshift mutation in a cell-free extract assay. 

We have discovered that single-stranded oligonucleotides having a DNA domain 
surrounding the targeted base, with the domain preferably central to the poly- or oligo-nucleotide, and 
having at least one modified end, preferably at the 3' terminal region, are able to alter a target genetic 
sequence and with an efficiency that is higher than chimeric RNA-DNA double hairpin oligonucleotides 
disclosed in US Patent 5,565,350. Preferred oligonucleotides of the invention have at least two modified 
bases on at least one of the termini, preferably the 3' terminus of the oligonucleotide. Oligonucleotides 
of the invention can efficiently be used to introduce targeted alterations in a genetic sequence of DNA in 
the presence of human, animal, plant, fungal (including yeast) proteins and in cells of different types 
including, for example, plant cells, fungal cells including S. cerevisiae, Ustillago maydis, Candida albicans, 
and mammalian cells. Particularly preferred are cells and cell extracts derived from plants including, for 
example, experimental model plants such as Chlamydomonas reinhardtii, Physcomitrella patens, and 
Arabidopsis thaliana in addition to crop plants such as cauliflower {Brassica oleracea), artichoke {Cynara 
scolymus), fruits such as apples {Malus, e.g. domesticus), mangoes {Mangifera, e.g. indica), banana 
(Musa, e.g. acuminata), berries (such as currant Ribes, e.g. rubrum), kiwifruit {Actinidia, e.g. chinensis), 
grapes (VJf/s, e.g. vinifera), bell peppers {Capsicum, e.g. annuum), cherries (such as the sweet cherry, 
. Piunus, e.g. avium), cucumber {Cucumis, e.g. sativus), melons {Cucumis, e.g. melo), nuts (such as 
walnut Juglans, e.g. regia; peanut Arachis hypogeae), orange {Cibus, e.g. maxima), peach (Pnjnus, e.g. 
persica), pear {Pyra, e.g. communis), plum [Prunus, e.g. domestical strawberry {Fragaria, e.g. moschata 
or vesca), tomato {Lycopersicon, e.g. esculentum); leaves and forage, such as alfalfa {Medicago, e.g. 
sativa or truncatula), cabbage (e.g. Brassica oleracea), endive {Cichoreum, e.g. endMa), leek {Allium, 
e.g. ponvm), lettuce {Lactuca, e.g. sativa), spinach {Spinacia, e.g. oleraceae), tobacco {Nicotiana, e.g. 
tabacum); roots, such as arrowroot {Maranta, e.g. arundinacea), beet {Beta, e.g. vulgaris), carrot 
{Daucus, e.g. carota), cassava {Manihot, e.g. esculenta), turnip {Brassica, e.g. rape), radish {Raphanus, 
e.g. sativus), yam {Dioscorea, e.g. esculenta), sweet potato {Ipomoea batatas); seeds, including oilseeds, 
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such as beans (Phaseolus, e.g. vulgaris), pea {Pisum, e.g. sativum), soybean (Glycine, e.g. max), 
cowpea {Vigna unguiculata), mothbean (Vigna aconitifolia), wheat (Triticum, e.g. aestivum), sorghum 
(Sorg/jum e.g. bicoloi), barley (Hordeum, e.g. w/gare), corn (Zea, e.g. mays), rice (Oryza, e.g. saf/Va), 
rapeseed {Brassica napus), millet (Pan/ct/m sp.), sunflower {Helianthus annuus), oats (AVena sativa), 
chickpea (C/cer, e.g. arietinum); tubers, such as kohlrabi (8/ass/ca, e.g. oleraceae), potato (So/am/m, e.g. 
tuberosum) and the like; fiber and wood plants, such as flax (Linum e.g. usitatissimum), cotton 
[Gossypium e.g. hirsutum), pine (P/nt/s sp.), oak (Qwercus sp.), eucalyptus (Eucalyptus sp.), and the like 
and ornamental plants such as turfgrass (Lolium, e.g. rigidum), petunia (Petunia, e.g. x nyorida), hyacinth 
(Hyacinthus orientalis), carnation (Dianthus e.g. caryophyllus), delphinium (Delphinium, e.g. a/ac/s), Job's 
tears (Coklacryma-jobi), snapdragon (Antirrhinum majus), poppy (Papaver, e.g. nudicaule), lilac 
(Synnga, e.g. vu/garfe), hydrangea (Hydrangea e.g. macrophylla), roses (including Gallicas, Albas, 
Damasks, Damask Perpetuals, Centifolias, Chinas, Teas and Hybrid Teas) and ornamental goldenrods 
(e.g. Solidago spp.). Such plant cells can then be used to regenerate whole plants according to methods 
described herein or any method known in the art The DNA domain of the oligonucleotides is preferably 
fully complementary to one strand of the gene target, except for the mismatch base or bases responsible 
for the gene alteration events). On either side of the preferably central DNA domain, the contiguous 
bases may be either RNA bases or, preferably, are primarily DNA bases. The central DNA domain is 
generally at least 8 nucleotides in length. The base(s) targeted for alteration in the most preferred 
embodiments are at least about 8, 9 or 10 bases from one end of the oligonucleotide. 

According to certain embodiments, one or both of the termini of the oligonucleotides of 
the present invention comprise phosphorothioate modifications, LNA backbone (including LNA derivatives 
and analogs) modifications, or 2-O-methyl base analogs, or any combination of these modifications. 
Oligonucleotides comprising 2-O-methyl or LNA analogs are a mixed DNA/RNA polymer. The 
oligonucleotides of the invention are, however, single-stranded and are not designed to form a stable 
internal duplex structure within the oligonucleotide. The efficiency of gene alteration is surprisingly 
increased with oligonucleotides having internal complementary sequence comprising phosphorothioate 
modified bases as compared to 2-O-methyl modifications. This result indicates that specific chemical 
interactions are involved between the converting oligonucleotide and the proteins involved in the 
conversion. The effect of other such chemical interactions to produce nuclease resistant termini using 
modifications other than LNA (including LNA derivatives or analogs), phosphorothioate linkages, or 2-O- 
methyl analog incorporation into an oligonucleotide can not yet be predicted because the proteins 
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involved in the alteration process and their particular chemical interaction with the oligonucleotide 
substituents are not yet known and cannot be predicted. 

In the examples, oligonucleotides of defined sequence are provided for alteration of 
genes in particular plants. Provided the teachings of the instant application, one of skill in the art could 

5 readily design oligonucleotides. to introduce analogous alterations in homologous genes from any plant 
Furthermore, in the tables of these examples, the oligonucleotides of the invention are not limited to the 
particular sequences disclosed. The oligonucleotides of the invention include extensions of the 
appropriate sequence of the longer 120 base oligonucleotides which can be added base by base to the 
smallest disclosed oligonucleotides of 17 bases. Thus the oligonucleotides of the invention include for 

1 0 each correcting change, oligonucleotides of length 1 7, 1 8, 1 9, 20, 21 , 22, 23, 24, 25, 26, 27, 28, 29, 30, 
31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 
59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 
87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 
1 1 1 , 1 1 2, 1 1 3, 1 1 4, 1 1 5, 1 1 6, 1 1 7, 1 1 8, 1 1 9, or 1 20 with further single-nucleotide additions up to the 

1 5 longest sequence disclosed. In some embodiments, longer nucleic acids of up to 240 bases which 

comprise the sequences disclosed herein may be used. Moreover, the oligonucleotides of the invention 
do not require a symmetrical extension on either side of the central DNA domain. Similarly, the 
oligonucleotides of the invention as disclosed in the various tables for alteration of particular plant genes 
contain phosphorothioate linkages, 2-O-methyl analog or LNA (including LNA derivatives and analogs) or 

20 any combination of these modifications just as the assay oligonucleotides do. 

The present invention, however, is not limited to oligonucleotides that contain any 
particular nuclease resistant modification. Oligonucleotides of the invention may be altered with any 
combination of additional LNAs (including LNA derivatives and analogs), phosphorothioate linkages or 2- 
O-methyl analogs to maximize conversion efficiency. For oligonucleotides of the invention that are longer 

25 than about 17 to about 25 bases in length, internal as well as terminal region segments of the backbone 
may be altered. Alternatively, simple fold-back structures at each end of a oligonucleotide or appended 
end groups may be used in addition to a modified backbone for conferring additional nuclease resistance. 

The different oligonucleotides of the present invention preferably contain more than one 
of the aforementioned backbone modifications at each end. In some embodiments, the backbone 

30 modifications are adjacent to one another However, the optimal number and placement of backbone 
modifications for any individual oligonucleotide will vary with the length of the oligonucleotide and the 
particular type of backbone modification(s) that are used. If constructs of identical sequence having 
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phosphorothioate linkages are compared, 2, 3, 4, 5, or 6 phosphorothioate linkages at each end are 
preferred. If constructs of identical sequence having 2-O-methyl base analogs are compared, 1, 2, 3 or 4 
analogs are preferred. The optimal number and type of backbone modifications for any particular oligo- 
nucleotide useful for altering target DNA may be determined empirically by comparing the alteration 

5 efficiency of the oligonucleotide comprising any combination of the modifications to a control molecule of 
comparable sequence using any of the assays described herein. The optimal position(s) for 
oligonucleotide modifications for a maximally efficient altering oligonucleotide can be determined by 
testing the various modifications as compared to control molecule of comparable sequence in one of the 
assays disclosed herein. In such assays, a control molecule includes, e.g., a completely 2'-0-methyl 

1 0 substituted molecule, a completely complementary oligonucleotide, or a chimeric RNA-DNA double 
hairpin. 

Increasing the number of phosphorothioate linkages, LNAs or 2'-0-methyl bases beyond 
the preferred number generally decreases the gene repair activity of a 25 nucleotide long oligonucleotide. 
Based on analysis of the concentration of oligonucleotide present in the extract after different time periods 

1 5 of incubation, it is believed that the terminal modifications impart nuclease resistance to the oligonucleo- 
tide thereby allowing it to survive within the cellular environment However, this may not be the only 
possible mechanism by which such modifications confer greater efficiency of conversion. For example, 
as disclosed herein, certain modifications to oligonucleotides confer a greater improvement to the 
efficiency of conversion than other modifications. 

20 Efficiency of conversion is defined herein as the percentage of recovered substrate 

molecules that have undergone a conversion event Depending on the nature of the target genetic 
material, e.g. the genome of a cell, efficiency could be represented as the proportion of cells or clones 
containing an extrachromosomal element that exhibit a particular phenotype. Alternatively, representative 
samples of the target genetic material can be sequenced to determine the percentage that have acquired 

25 the desire change. The oligonucleotides of the invention in different embodiments can alter DNA two, 
three, four, five, six, seven, eight nine, ten, twelve, fifteen, twenty, thirty, and fifty or more fold more than 
control oligonucleotides. Such control oligonucleotides are oligonucleotides with fully phosphorothiolated 
linkages, oligonucleotides that are fully substituted with 2'-0-methyl analogs, a perfectly matched 
oligonucleotide that is fully complementary to a target sequence or a chimeric DNA-RNA double hairpin 

30 oligonucleotide such as disclosed in US Patent 5,565,350. 

In addition, for a given oligonucleotide length, additional modifications interfere with the 
ability of the oligonucleotide to act in concert with the cellular recombination or repair enzyme machinery 
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which is necessary and required to mediate a targeted substitution, addition or deletion event in DNA. For 
example, fully phosphorothiolated or fully 2-0-methylated molecules are inefficient in targeted gene 
alteration. 

The oligonucleotides of the invention as optimized for the purpose of targeted alteration 
of genetic material, including gene knockout or repair, are different in structure from antisense oligo- 
nucleotides that may possess a similar mixed chemical composition backbone. The oligonucleotides of 
the invention differ from such antisense oligonucleotides in chemical composition, structure, sequence, 
and in their ability to alter genomic DNA. Significantly, antisense oligonucleotides fail to direct targeted 
gene alteration. The oligonucleotides of the invention may target either strand of DNA and can include . 
any component of the genome including, for example, intron and exon sequences. The preferred 
embodiment of the invention is a modified oligonucleotide that binds to the non-transcribed strand of a 
genomic DNA duplex. In other words, the preferred oligonucleotides of the invention target the sense 
strand of the DNA, i.e. the oligonucleotides of the invention are complementary to the non-transcribed 
strand of the target duplex DNA. The sequence of the non-transcribed strand of a DNA duplex is found in 
the mRNA produced from that duplex, given that mRNA uses uracil-containing nucleotides in place of 
thymine-containing nucleotides. 

Moreover, the initial observation that single-stranded oligonucleotides comprising these 
modifications and lacking any particular triplex forming domain have reproducibly enhanced gene 
alteration activity in a variety of assay systems as compared to a chimeric RNA-DNA double-stranded 
hairpin control or single-stranded oligonucleotides comprising other backbone modifications was 
surprising. The single-stranded molecules of the invention totally lack the complementary RNA binding 
structure that stabilizes a normal chimeric double-stranded hairpin of the type disclosed in 
U.S. Patent 5,565,350 yet is more effective in producing targeted base conversion as compared to such a 
chimeric RNA-DNA double-stranded hairpin. In addition, the molecules of the invention lack any 
particular triplex forming domain involved in Hoogsteen interactions with the DNA double helix and 
required by other known oligonucleotides in other oligonucleotide-dependant gene conversion systems. 
Although the lack of these functional domains was expected to decrease the efficiency of an alteration in 
a sequence, just the opposite occurs: the efficiency of sequence alteration using the modified 
oligonucleotides of the invention is higher than the efficiency of sequence alteration using a chimeric 
RNA-DNA hairpin targeting the same sequence alteration. Moreover, the efficiency of sequence 
alteration or gene conversion directed by an unmodified oligonucleotide is many times lower as compared 
to a control chimeric RNA-DNA molecule or the modified oligonucleotides of the invention targeting the 
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same sequence alteration. Similarly, molecules containing at least 3 2-O-methyl base analogs are about 
four to five fold less efficient as compared to an oligonucleotide having the same number of 
phosphorothioate linkages. 

The oligonucleotides of the present invention for alteration of a single base are about 17 
to about 121 nucleotides in length, preferably about 17 to about 74 nucleotides in length. Most preferably, 
however, the oligonucleotides of the present invention are at least about 25 bases in length, unless there 
are self-dimerization structures within the oligonucleotide. If the oligonucleotide has such an unfavorable 
structure, lengths longer than 35 bases are preferred. Oligonucleotides with modified ends both shorter 
and longer than certain of the exemplified, modified oligonucleotides herein function as gene repair or 
gene knockout agents and are within the scope of the present invention. 

Once an oligomer is chosen, it can be tested for its tendency to self-dimerize, since self- 
dimerization may result in reduced efficiency of alteration of genetic information. Checking for self- 
dimerization tendency can be accomplished manually or, preferably, using a software program. One 
such program is Oligo Analyzer 2.0, available through Integrated DNA Technologies (Coralville, IA 52241) 
(http://www.idtdna.com); this program is available for use on the world wide web at 
http://www.idtdna.com/program/oligoanalyzer/ 

oligoanalyzer.asp. 

For each oligonucleotide sequence input into the program, Oligo Analyzer 2.0 reports possible self- 
dimerized duplex forms, which are usually only partially duplexed, along with the free energy change 
associated with such self-dimerization. Delta G-values that are negative and large in magnitude, 
indicating strong self-dimerization' potential, are automatically flagged by the software as "bad". Another 
software program that analyzes oligomers for pair dimer formation is Primer Select from DNASTAR, Inc., 
1228 S. Park St, Madison, Wl 53715, Phone: (608) 258-7420 
(http://www.dnastar.com/products/PrimerSelecthtml). 

If the sequence is subject to significant self-dimerization, the addition of further sequence flanking the 
"repair" nucleotide can improve gene correction frequency. 

Generally, the oligonucleotides of the present invention are identical in sequence to one 
strand of the target DNA, which can be either strand of the target DNA, with the exception of one or more 
targeted bases positioned within the DNA domain of the oligonucleotide, and preferably toward the middle 
between the modified terminal regions. Preferably, the difference in sequence of the oligonucleotide as 
compared to the targeted genomic DNA is located at about the middle of the oligonucleotide sequence. In 
a preferred embodiment, the oligonucleotides of the invention are complementary to the non-transcribed 
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strand of a duplex. I n other words, the preferred oligonucleotides target the sense strand of the DNA, i.e. 
the oligonucleotides of the invention are preferably complementary to the strand of the target DNA the 
sequence of which is found in the mRNA. 

The oligonucleotides of the invention can include more than a single base change. In an 
oligonucleotide that is about a 70-mer, with at least one modified residue incorporated on the ends, as 
disclosed herein, multiple bases can be simultaneously targeted for change. The target bases may be up 
to 27 nucleotides apart and may not be changed together in all resultant plasmids in all cases. There is a 
frequency distribution such that the closer the target bases are to each other in the central DNA domain, 
within the oligonucleotides of the invention, the higher the frequency of change in a given cell. Target 
bases only two nucleotides apart are changed together in every case that has been analyzed. The 
farther apart the two target bases are, the less frequent the simultaneous change. Thus, oligonucleotides 
of the invention may be used to repair or alter multiple bases rather than just one single base. For 
example, in a 74-mer oligonucleotide having a central base targeted for change, a base change event up 
to about 27 nucleotides away can also be effected. The positions of the altering bases within the 
oligonucleotide can be optimized using any one of the assays described herein. Preferably, the altering 
bases are at least about 8 nucleotides from one end of the oligonucleotide. 

The oligonucleotides of the present invention can be introduced into cells by any suitable 
means. According to certain preferred embodiments, the modified oligonucleotides may be used alone. 
Suitable means, however, include the use of polycations, cationic lipids, liposomes, polyethylenimine 
(PEI), electroporation, biolistics, microinjection and other methods known in the art to facilitate cellular 
uptake. For plant cells, biolistic or particle bombardment methods are typically used. According to certain 
preferred embodiments of the present invention, isolated plant cells are treated in culture according to the 
methods of the invention, to mutate or repair a target gene. Alternatively, plant target DNA may be 
modified in vitro or in another cell type, including for example, yeast or bacterial cells and then introduced 
into a plant cell as, for example, a T-DNA. Plant cells thus modified may be used to regenerate the whole 
organism as, for example, in a plant having a desired targeted genomic change. In other instances, 
targeted genomic alteration, including repair or mutagenesis, may take place in vivo following direct 
administration of the modified, single-stranded oligonucleotides of the invention to a subject 

The single-stranded, modified oligonucleotides of the present invention have numerous 
applications as gene repair, gene modification, or gene knockout agents. Such oligonucleotides may be 
advantageously used, for example, to introduce or correct multiple point mutations. Each mutation leads 
to the addition, deletion or substitution of at least one base pair. The methods of the present invention 
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offer distinct advantages over other methods of altering the genetic makeup of an organism, in that only 
the individually targeted bases are altered. No additional foreign DNA sequences are added to the 
genetic complement of the organism. Such agents may, for example, be used to develop plants with 
improved traits by rationally changing the sequence of selected genes in isolated cells and using these 
modified cells to regenerate whole plants having the altered gene. See, e.g!, U.S. Patent 6,046,380 and 
U.S. Patent 5,905,185 incorporated herein by reference. Such plants produced using the compositions of 
the invention lack additional undesirable selectable markers or other foreign DNA sequences. Targeted 
base pair substitution or frameshift mutations introduced by an oligonucleotide in the presence of a cell- 
free extract also provides a way to modify the sequence of extrachromosomal elements, including, for 
example, plasmids, cosmids and artificial chromosomes. The oligonucleotides of the invention also 
simplify the production of plants having particular modified or inactivated genes. Altered plant model 
systems such as those produced using the methods and oligonucleotides of the invention are invaluable 
in determining the function of a gene and in evaluating drugs. The oligonucleotides and methods of the 
present invention may also be used to introduce molecular markers, including, for example, SNPs, 
RFLPs,AFLPs and CAPs. 

The purified oligonucleotide compositions may be formulated in accordance with routine 
procedures depending on the target For example, purified oligonucleotide can be used directly in a 
standard reaction mixture to introduce alterations into targeted DNA in vitro or where cells are the target 
as a composition adapted for bathing cells in culture or for microinjection into cells in culture. The purified 
oligonucleotide compositions may also be provided on coated microbeads for biolistic delivery into plant 
cells. Where necessary, the composition may also include a solubilizing agent Generally, the 
ingredients'will be supplied either separately or mixed together in single-use form, for example, as a dry, 
lyophilized powder or water-free concentrate. In general, dosage required for efficient targeted gene 
alteration will range from about 0.001 to 50,000 pg/kg target tissue, preferably between 1 to 250 \iglkg, 
and most preferably at a concentration of between 30 and 60 micromolar. 

For cell administration, direct injection into the nucleus, biolistic bombardment, 
electroporation, liposome transfer and calcium phosphate precipitation may be used. In yeast, lithium 
acetate or spheroplast transformation may also be used. In a preferred method, the administration is 
performed with a liposomal transfer compound, e.g., DOTAP (Boehringer-Mannheim) or an equivalent 
such as lipofectin. The amount of the oligonucleotide used is about 500 nanograms in 3 micrograms of 
DOTAP per 1 00,000 cells. For electroporation, between 20 and 2000 nanograms of oligonucleotide per 
million cells to be electroporated is an appropriate range of dosages which can be increased to improve 
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efficiency of genetic alteration upon review of the appropriate sequence according to the methods 
described herein. For biolistic delivery, microbeads are generally coated with resuspended 
oligonucleotides, which range of oligonucleotide to microbead concentration can be similarly adjusted to 
improve efficiency as determined using one of the assay methods described herein, starting with about 
0.05 to 1 microgram of oligonucleotide to 25 microgram of 1 .0 micrometer gold beads or similar 
microcarrier. 

Another aspect of the invention is a kit comprising at least one oligonucleotide of the 
invention. The kit may comprise an additional reagent or article of manufacture. The additional reagent 
or article of manufacture may comprise a delivery mechanism, cell extract, a cell, or a plasmid, such as 
one of those disclosed in the Figures herein, for use in an assay of the invention. Alternatively, the 
invention includes a kit comprising an isogenic set of cells in which each cell in the kit comprises a 
different altered amino acid for a target protein encoded by a targeted altered gene within the cell 
produced according to the methods of the invention. 

Brief Description Of The Drawings 

Figure 1 . Flow diagram for the generation of modified singte-stranded oligonucleotides. 
The upper strands of chimeric oligonucleotides I and II are separated into pathways resulting in the 
generation of single-stranded oligonucleotides that contain (A) 2-O-methyl RNA nucleotides or (B) 
phosphorothioate linkages. Fold changes in repair activity for correction of kan s in the HUH7 cell-free 
extract are presented in parenthesis. HUH7 cells are described in Nakabayashi et al., Cancer Research 
42: 3858-3863 (1982). Each single-stranded oligonucleotide is 25 bases in length and contains a G 
residue mismatched to the complementary sequence of the kan s gene. The numbers 3, 6, 8, 10, 12 and 
12.5 respectively indicate how many phosphorothioate linkages (S) or 2-O-methyl RNA nucleotides (R) 
are at each end of the molecule. Hence oligo 12S/25G contains an all phosphorothioate backbone, 
displayed as a dotted line. Smooth lines indicate DIMA residues, wavy lines indicate 2-O-methyl RNA 
residues and the carat indicates the mismatched base site (G). Figure 1(C) provides a schematic plasmid 
indicating the sequence of the kan chimeric double-stranded hairpin oligonucleotide (left) and the 
sequence the tet chimeric double-stranded hairpin oligonucleotide used in other experiments. Figure 
1 (D) provides a flow chart of a kan experiment in which a chimeric double-stranded hairpin 
oligonucleotide is used. 

Figure 2. Genetic readout system for correction of a point mutation in plasmid pK s m4021 . 
A mutant kanamycin gene harbored in plasmid pK s m4021 is the target for correction by oligonucleotides. 
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The mutant G is converted to a C by the action of the oligo. Corrected plasmids confer resistance to 
kanamycin in Ecoli (DH10B) after electroporation leading to the genetic readout and colony counts. 

Figure 3: Target plasmid and sequence correction of a frameshift mutation by chimeric 
and single-stranded oligonucleotides. (A) Plasmid pTA208 contains a single base deletion mutation at 
position 208 rendering it unable to confer let resistance. The target sequence presented below indicates 
the insertion of a T directed by the oligonucleotides to re-establish the resistant phenotype. (B) DNA 
sequence confirming base insertion directed by Tet 3S/25G; the yellow highlight indicates the position of 
frameshift repair. 

Figure 4. DNA sequences of representative kaif colonies. Confirmation of sequence 
alteration directed by the indicated molecule is presented along with a table outlining codon distribution. 
Note that 10S/25G and 12S/25G elicit both mixed and unfaithful gene repair. The number of clones 
sequenced is listed in parentheses next to the designation for the single-stranded oligonucleotide. A plus 
(+) symbol indicates the codon identified while a figure after the (+) symbol indicates the number of 
colonies with a particular sequence. TAC/TAG indicates a mixed peak. Representative DNA sequences 
are presented below the table with yellow highlighting altered residues. 

Figure 5. Gene correction in HeLa cells. Representative oligonucleotides of the 
invention are co-transfected with the pCMVneoQFIAsH plasmid (shown in Figure 9) into HeLa cells. 
Ligand is diffused into cells after co-transfection of plasmid and oligonucleotides. Green fluorescence 
indicates gene correction of the mutation in the antibiotic resistance gene. Correction of the mutation 
results in the expression of a fusion protein that carries a marker ligand binding site and when the fusion 
protein binds the ligand, a green fluorescence is emitted. The ligand is produced by Aurora Biosciences 
and can readily diffuse into cells enabling a measurement of corrected protein function; the protein must 
bind the ligand directly to induce fluorescence. Hence cells bearing the corrected plasmid gene appear 
green while "uncorrected" cells remain coloriess. 

Figure 6. Z-series imaging of corrected cells. Serial cross-sections of the HeLa cell 
represented in Figure 5 are produced by Zeiss 510 LSM confocal microscope revealing that the fusion 
protein is contained within the cell. 

Figure 7. Hygromycin-eGFP target plasmids. (A) Plasmid pAURHYG(ins)GFP contains 
a single base insertion mutation between nucleotides 1 36 and 1 37, at codon 46, of the Hygromycin B 
coding sequence (cds) which is transcribed from the constitutive ADH1 promoter. The target sequence 
presented below indicates the deletion of an A and the substitution of a C for a T directed by the 
oligonucleotides to re-establish the resistant phenotype. (B) Plasmid pAURHYG(rep)GFP contains a 
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base substitution mutation introducing a G at nucleotide 137, at codon 46, of the Hygromycin B coding 
sequence (cds). The target sequence presented below the diagram indicates the amino acid 
conservative replacement of G with C, restoring gene function. 

Figure 8. Oligonucleotides for correction of hygromycin resistance gene. The sequence 
of the oligonucleotides used in experiments to assay correction of a hygromycin resistance gene are 
shown. DNA residues are shown in capital letters, RNA residues are shown in lowercase and nucleotides 
with a phosphorothioate backbone are capitalized and underlined. 

Figure 9. pAURNeo(-)FIAsH plasmid. This figure describes the plasmid structure, target 
sequence, oligonucleotides, and the basis for detection of the gene alteration event by fluorescence. 

Figure 1 0. pYESHyg(x)eGFP plasmid. This plasmid is a construct similar to the 
pAURHyg(x)eGFP construct shown in Figure 7, except the promoter is the inducible GAL1 promoter. 
This promoter is inducible with galactose, leaky in the presence of raffinose, and repressed in the 
presence of dextrose. 

Figure 11. pBI-HygeGFP plasmid. This plasmid is a construct based on the plasmids 
pBI1 01 , pB1 1 01 .2, pBI1 01 .3 or pB1 1 21 available from Clontech in which HygeGFP replaces the beta- 
glucuronidase gene of the Clontech plasmids. The different Clontech plasmids vary by a reading frame 
shift relative to the polylinker, or the presence of the Cauliflower mosaic virus promoter. 

The following examples are provided by way of illustration only, and are not intended to 
limit the scope of the invention disclosed herein. 

EXAMPLE 1 
Assay Method For Base Alteration 
And Preferred Oligonucleotide Selection 

In this example, single-stranded and double-hairpin oligonucleotides with chimeric backbones 
(see Figure 1 for structures (A and B) and sequences (C and D) of assay oligonucleotides) are used to 
correct a point mutation in the kanamycin gene of pK s m4021 (Figure 2) or the tetracycline gene of 
pT s A208 (Figure 3). All kan oligonucleotides share the same 25 base sequence surrounding the target 
base identified for change, just as all tet oligonucleotides do. The sequence is given in Figures 1 C and 
Figure 1D. Each plasmid contains a functional ampicillin gene. Kanamycin gene function is restored 
when a G at position 4021 is converted to a C (via a substitution mutation); tetracycline gene function is 
restored when a deletion at position 208 is replaced by a C (via frameshift mutation). A separate plasmid, 
pAURNeo(-)FIAsH (Figure 9), bearing the kan s gene is used in the cell culture experiments. This plasmid 
was constructed by inserting a synthetic expression cassette containing a neomycin phosphotransferase 
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(kanamycin resistance) gene and an extended reading frame that encodes a receptor for the FIAsH 
ligand into the pAUR1 23 shuttle vector (Panvera Corp., Madison, Wl). The resulting construct replicates 
in S. cerevisiae at low copy number, confers resistance to aureobasidinA and constitutively expresses 
either the Neo-^FIAsH fusion product (after alteration) or the truncated Neo-/FIAsH product (before 
alteration) from the ADH1 promoter. By extending the reading frame of this gene to code for a unique 
peptide sequence capable of binding a small ligand to form a fluorescent complex, restoration of 
expression by correction of the stop codon can be detected in real time using confocal microscopy. 

Additional constructs can be made to test additional gene alteration events or for specific use in 
different expression systems. For example, alternative comparable plant plasmids or integration vectors 
such as, e.g. those based on T-DNA, can be constructed for stable expression in plant cells according to 
the disclosures herein. Such constructs would use a plant specific promoter such as, e.g., cauliflower 
mosaic virus 35S promoter, to replace the promoters directing expression of the neo, hyg or 
aureobasidinA resistance gene disclosed herein, including for example, in Figures 7B, 9 and 10 herein. 
Moreover, the green fluorescent protein (GFP) sequence used herein may be modified to increase 
expression in plant cells such as Arabidopsis and the other plants disclosed herein as described in 
Haseloff et al., Proc. Nati.Acad. Sci. 94(6): 21 22-7 (1 997), Rouwendal et al. Plant Mol. Biol. 33(6): 989-99 
(1997) and Hu et al. FEBS Lett 369(2-3): 331-4 (1995). Codon usage for optimal expression of GFP in 
plants results from increasing the frequency of codons with a C or a G in the third position from 32 to 
about 60%. Specific constructs are disclosed and can be used as follows with such plant specific 
alterations. 

We also construct three mammalian expression vectors, pHyg(rep)eGFP, pHyg(A)eGFP, 
pHyg(ins)eGFP, that contain a substitution mutation at nucleotide 137 of the hygromycin-B coding 
sequence, (rep) indicates a T137-*G replacement, (A) represents a deletion of the G137 and (ins) 
represents an A insertion between nucleotides 136 and 137. All point mutations create a nonsense 
termination codon at residue 46. We use pHYGeGFP plasmid (Invitrogen, CA) DNA as a template to 
introduce the mutations into the hygromycin-eGFP fusion gene by a two step site-directed mutagenesis 
PCR protocol. First we generate overlapping 5' and a 3* amplicons surrounding the mutation site by PCR 
for each of the point mutation sites. A 215 bp 5' amplicon for the (rep), (A) or (ins) was generated by 
polymerization from oligonucleotide primer HygEGFPf (5-AATACGACTCACTATAGG-3') to primer 
Hygrepr (5'GACCTATCCACGCCCTCC-3'), HygAr (5'-GACTATCCACGCCCTCC-3'), or Hyginsr (5'- 
GACATTATCCACGCCCTCC-3'), respectively. We generate a 300bp 3' amplicon for the (rep), (A) or 
(ins) by polymerization from oligonucleotide primers Hygrepf (5-CTGGGATAGGTCCTGCGG-3'), HygAf 
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(5'-CGTGGATAGTCCTGCGG-3'), Hyginsf (5-CGTGGATAATGTCCTGCGG-3'), respectively to primer 
HygEGFPr (5-AAATCACGCCATGTAGTG-3'). We mix 20 ng of each of the resultant 5' and 3' 
overlapping amplicon mutation sets and use the mixture as a template to amplify a 523 bp fragment of the 
Hygromycin gene spanning the Kpnl and Rsrll restriction endonuclease sites. We use the Expand PCR 
system (Roche) to generate all amplicons with 25 cycles of denaturing at 94°C for 1 0 seconds, annealing 
at 55°C for 20 seconds and elongation at 68°C for 1 minute. We digest 10 pg of vector pHYGeGFP and 
5 MS of the resulting fragments for each mutation with Kpnl and Rsrll (NEB) and gel purify the fragment 
for enzymatic ligation. We ligate each mutated insert into pHYGeGFP vector at 3:1 molar ratio using T4 
DNA ligase (Roche). We screen clones by restriction digest confirm the mutation by Sanger dideoxy 
chain termination sequencing and purify the plasmid using a Qiagen maxiprep kit 

Oligonucleotide synthesis and cells. Chimeric oligonucleotides and single-stranded 
oligonucleotides (including those with the indicated modifications) are synthesized using available 
phosphoramidites on controlled pore glass supports. After deprotection and detachment from the solid 
support, each oligonucleotide is gel-purified using, for example, procedures such as those described in 
Gamper ef a/., Biochem. 39, 5808-5816 (2000) and the concentrations determined spectrophotometrically 
(33 or 40 Mg/ml per A^o unit of single-stranded or hairpin oligomer). HUH7 cells are grown in DMEM, 
10% FBS, 2mM glutamine, 0.5% pen/strep. The E.coli strain, DH10B, is obtained from Life Technologies 
(Gaithersburg, MD); DH10B cells contain a mutation in the RECA gene (recA). 

Cell-free extracts. Although this portion of this example is directed to mammalian 
systems, similar extracts from plants can be prepared as disclosed elsewhere in this application and used 
as disclosed in this example. We prepare cell-free extracts from HUH7 cells or other mammalian cells, as 
follows. We employ this protocol with essentially any mammalian cell including, for example, H1299 cells 
(human epithelial carcinoma, non-small cell lung cancer), C127I (immortal murine mammary epithelial 
cells), MEF (mouse embryonic fibroblasts), HEC-1-A (human uterine carcinoma), HCT15 (human colon 
cancer), HCT116 (human colon carcinoma), LoVo (human colon adenocarcinoma), and HeLa (human 
cervical carcinoma). We harvest approximately 2x10 s cells. We then wash the cells immediately in cold 
hypotonic buffer (20 mM HEPES, pH7.5; 5 mM KCI; 1.5 mM MgCI 2 ; 1 mM DTT) with 250 mM sucrose. 
We then resuspend the cells in cold hypotonic buffer without sucrose and after 15 minutes we lyse the 
cells with 25 strokes of a Dounce homogenizer using a tight fitting pestle. We incubate the lysed cells for 
60 minutes on ice and centrifuge the sample for 1 5 minutes at 1 2000xg. The cytoplasmic fraction is 
enriched with nuclear proteins due to the extended co-incubation of the fractions following cell breakage. 
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We then immediately aliquote and freeze the supernatant at -80°C. We determine the protein 
concentration in the extract by the Bradford assay. 

We also perform these experiments with cell-free extracts obtained from fungal cells, 
including, for example, S. cerevisiae (yeast), Ustilago maydis, and Candida albicans. For example, we 
grow yeast cells into log phase in 2L YPD medium for 3 days at 30°C. We then centrifuge the cultures at 
5000xg, resuspend the pellets in a 10% sucrose, 50 mM Tris, 1mM EDTA lysis solution and freeze them 
on dry ice. After thawing, we add KCI, spermidine and lyticase to final concentrations of 0.25 mM, 5 mM 
and 0.1 mg/ml, respectively. We incubate the suspension on ice for 60 minutes, add PMSF and Triton 
X1 00 to final concentrations of 0.1 mM and 0.1 % and continue to incubate on ice for 20 minutes. We 
centrifuge the lysate at 3000xg for 10 minutes to remove larger debris. We then remove the supernatant 
and clarify it by centrifuging at 30000xg for 1 5 minutes. We then add glycerol to the clarified extract to a 
concentration of 10% (v/v) and freeze aliquots at-80°C. We determine the protein concentration of the 
extract by the Bradford assay. 

Reaction mixtures of 50 pi are used, consisting of 10-30 pg protein of cell-free extract 
which can be optionally substituted with purified proteins or enriched fractions, about 1.5 pg chimeric 
double-hairpin oligonucleotide or 0.55 pg single-stranded molecule (3S/25G or 6S/25G, see Figure 1), 
and 1 Mg of plasmid DNA (see Figures 2 and 3) in a reaction buffer of 20 mM Tris, pH 7.4, 1 5 mM MgCI 2 , 
0.4 mM DTT, and 1 .0 mM ATP. Reactions are initiated with extract and incubated at 30 8 C for 45 min. 
The reaction is stopped by placing the tubes on ice and then immediately deproteinized by two 
phenol/chloroform (1:1) extractions. Samples are then ethanol precipitated. The nucleic acid is pelleted 
at 15,000 r.p.m. at4°C for 30 min., is washed with 70% ethanol, resuspended in 50 pi H 2 0, and is stored 
at-20°C. 5 pi of plasmid from the resuspension (-100 ng) was transfected in 20 pi of DH10B cells by 
electroporation (400 V, 300 pF, 4 kQ) in a Cell-Porator apparatus (Life Technologies). After electro- 
poration, cells are transferred to a 14 ml Falcon snap-cap tube with 2 ml SOC and shaken at 37°C for 1 h. 
Enhancement of final kan colony counts is achieved by then adding 3 ml SOC with 10 pg/ml kanamycin 
and the cell suspension is shaken for a further 2 h at 37°C. Cells are then spun down at 3750 x g and the 
pellet is resuspended in 500 pi SOC. 200 pi is added undiluted to each of two kanamycin (50 pg/ml) 
agar plates and 200 pi of a 1 0 s dilution is added to an ampicillin (1 00 pg/ml) plate. After overnight 37°C 
incubation, bacterial colonies are counted using an Accucount 1000 (Biologies). Gene conversion 
effectiveness is measured as the ratio of the average of the kan colonies on both plates per amp colonies 
multiplied by 10" 5 to correct for the amp dilution. 
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The following procedure can also be used. 5 pi of resuspended reaction mixtures (total 
volume 50 Ml) are used to transform 20 (Jl aliquots of electro-competent DH10B bacteria using a 
Cell-Porator apparatus (Life Technologies). The mixtures are allowed to recover in 1 ml SOC at 37°C for 
1 hour at which time 50 |jg/ml kanamycin or 12 pg/ml tetracycline is added for an additional 3 hours. 
Prior to plating, the bacteria are pelleted and resuspended in 200 m1 of SOC. 100 Ml aliquots are plated 
onto kan ortet agar plates and 100 pi of a 10* 4 dilution of the cultures are concurrently plated on agar 
plates containing 100 [iglm\ of ampicillin. Plating is performed in triplicate using sterile Pyrex beads. 
Colony counts are determined by an Accu-count 1000 plate reader (Biologies). Each plate contains 200- 
500 ampicillin resistant colonies or 0-500 tetracycline or kanamycin resistant colonies. Resistant colonies 
are selected for plasmid extraction and DNA sequencing using an ABI Prism kit on an ABI 310 capillary 
sequencer (PE Biosystems). 

Chimeric single-stranded oligonucleotides. In Figure 1 the upper strands of chimeric 
oligonucleotides I and II are separated into pathways resulting in the generation of single-stranded oligo- 
nucleotides that contain (Figure 1 A) 2'-0-methyl RNA nucleotides or (Figure 1 B) phosphorothioate 
linkages. Fold changes in repair activity for correction of kan s in the HUH7 cell-free extract are presented 
in parenthesis. Each single-stranded oligonucleotide is 25 bases in length and contains a G residue 
mismatched to the complementary sequence of the kan s gene. 

Molecules bearing 3, 6, 8, 10 and 12 phosphorothioate linkages in the terminal regions at 
each end of a backbone with a total of 24 linkages (25 bases) are tested in the kan s system. Alternatively, 
molecules bearing 2, 4, 5, 7, 9 and 1 1 in the terminal regions at each end are tested. The results of one 
such experiment presented in Table 1 and Figure 1B, illustrate an enhancement of correction activity 
directed by some of these modified structures. In this illustrative example, the most efficient molecules 
contained 3 or 6 phosphorothioate linkages at each end of the 25-mer; the activities are approximately 
equal (molecules IX and X with results of 3.09 and 3.7 respectively). A reduction in alteration activity may 
be observed as the number of modified linkages in the molecule is further increased. Interestingly, a 
single-strand molecule containing 24 phosphorothioate linkages is minimally active suggesting that this 
backbone modification when used throughout the molecule supports only a low level of targeted gene 
repair or alteration. Such a non-altering, completely modified molecule can provide a baseline control for 
determining efficiency of correction for a specific oligonucleotide molecule of known sequence in defining 
the optimum oligonucleotide for a particular alteration event 

The efficiency of gene repair directed by phosphorothioate-modified, single-stranded 
molecules, in a length dependent fashion, led us to examine the length of the RNA modification used in 
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the original chimera as it relates to correction. Construct III represents the "RNA-containing" strand of 
chimera I and, as shown in Table 1 and Figure 2A, it promotes inefficient gene repair. But as shown in 
the same figure, reducing the RNA residues on each end from 10 to 3 increases the frequency of repair. 
At equal levels of modification, however, 25-mers with 2'-0-methyl ribonucleotides were less effective 
gene repair agents than the same oligomers with phosphorothioate linkages. These results reinforce the 
fact that an RNA containing oligonucleotide is not as effective in promoting gene repair or alteration as a 
modified DNA oligonucleotide. 

Repair of the kanamycin mutation requires a G-»C exchange. To confirm that the 
specific desired correction alteration was obtained, colonies selected at random from multiple 
experiments are processed and the isolated plasmid DNA is sequenced. As seen in Figure 4, colonies 
generated through the action of the single-stranded molecules 3S/25G (IX), 6S/25G (X) and 8S/25G (XI) 
respectively contained plasmid molecules harboring the targeted base correction. While a few colonies 
appeared on plates derived from reaction mixtures containing 25-mers with 10 or 12 thioate linkages on 
both ends, the sequences of the plasmid molecules from these colonies contain nonspecific base 
changes. In these illustrative examples, the second base of the codon is changed (see Figure 3). These 
results show that modified single-strands can direct gene repair, but that efficiency and specificity are 
reduced when the 25-mers contain 1 0 or more phosphorothioate linkages at each end. 

In Figure 1, the numbers 3, 6, 8, 10, 12 and 12.5 respectively indicate how many 
phosphorothioate linkages (S) or 2'-0-methyl RNA nucleotides (R) are at each end of the examplified 
molecule although other molecules with 2, 4, 5, 7, 9 and 1 1 modifications at each end can also be tested. 
Hence oligo 12S/25G represents a 25-mer oligonucleotide which contains 12 phosphorothioate linkages 
on each side of the central G target mismatch base producing a fully phosphorothioate linked backbone, 
displayed as a dotted line. The dots are merely representative of a linkage in the figure and do not depict 
the actual number of linkages of the oligonucleotide. Smooth lines indicate DNA residues, wavy lines 
indicate 2 -O-methyl RNA residues and the carat indicates the mismatched base site (G). 

Correction of a mutant kanamycin gene in cultured mammalian cells. Although this 
portion of this example is directed to cultured mammalian cells, comparable methods may be used using 
cultured plant cells or protoplasts of those cells from the plant species disclosed herein. The experiments 
are performed using different eukaryotic cells including plant and mammalian cells, including, for example, 
293 cells (transformed human primary kidney cells), HeLa cells (human cervical carcinoma), and H1299 
(human epithelial carcinoma, non-small cell lung cancer). HeLa cells are grown at37°C and 5% C0 2 in a 
humidified incubator to a density of 2 x 1 0 s cells/ml in an 8 chamber slide (Lab-Tek). After replacing the 
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regular DMEM with Optimem, the cells are co-transfected with 10 pg of plasmid pAURNeo(-)FIAsH and 
5 pg of modified single-stranded oligonucleotide (3S/25G) that is previously complexed with 1 0 pg 
lipofectamine, according to the manufacturer's directions (Life Technologies). The cells are treated with 
the liposome-DNA-oligo mix for 6 firs at 37°C. Treated cells are washed with PBS and fresh DMEM is 
added. After a 1 6-1 8 hr recovery period, the culture is assayed for gene repair. The same 
oligonucleotide used in the cell-free extract experiments is used to target transfected plasmid bearing the 
kan s gene. Correction of the point mutation in this gene eliminates a stop codon and restores full 
expression. This expression can be detected by adding a small non-fluorescent ligand that bound to a 
C-C-R-E-C-C sequence in the genetically modified carboxy terminus of the kan protein, to produce a 
highly fluorescent complex (FIAsH system, Aurora Biosciences Corporation). Following a 60 min 
incubation at room temperature with the ligand (FIAsH-EDT2), cells expressing full length kan product 
acquire an intense green fluorescence detectable by fluorescence microscopy using a fluorescein filter 
set Similar experiments are performed using the HygeGFP target as described in Example 2 with a 
variety of mammalian cells, including, for example, COS-1 and COS-7 cells (African green monkey), and 
CHO-K1 cells (Chinese hamster ovary). The experiments are also performed with PG12 cells (rat 
pheochromocytoma) and ES cells (human embryonic stem cells). 

Summary of experimental results. Tables 1 , 2 and 3 respectively provide data on the 
efficiency of gene repair directed by single-stranded oligonucleotides. Table 1 presents data using a cell- 
free extract from human liver cells (HUH7) to catalyze repair of the point mutation in plasmid pkan s m4021 
(see Figure 1). Table 2 illustrates that the oligomers are not dependent on MSH2 or MSH3 for optimal 
gene repair activity. Table 3 illustrates data from the repair of a frameshift mutation (Figure 3) in the tet 
gene contained in plasmid pTetA208. Table 4 illustrates data from repair of the pkan s m4021 point 
mutation catalyzed by plant cell extracts prepared from canola and musa (banana). Colony numbers are 
presented as kan r or tef and fold increases (single strand versus double hairpin) are presented for kan r in 
Table 1. 

Figure 5A is a confocal picture of HeLa cells expressing the corrected fusion protein from 
an episomal target Gene repair is accomplished by the action of a modified single-stranded oligonucleo- 
tide containing 3 phosphorothioate linkages at each end (3S/25G). Figure 5B represents a "Z-series" of 
HeLa cells bearing the corrected fusion gene. This series sections the cells from bottom to top and 
illustrates that the fluorescent signal is "inside the cells". 

Results. In summary, we have designed a novel class of single-stranded 
oligonucleotides with backbone modifications at the termini and demonstrate gene repair/conversion 
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activity in mammalian and plant cell-free extracts. We confirm that the all DNA strand of the RNA-DNA 
double-stranded double hairpin chimera is the active component in the process of gene repair. In some 
cases, the relative frequency of repair by the novel oligonucleotides of the invention is elevated 
approximately 3-4-fold in certain embodiments when compared to frequencies directed by chimeric RNA- 
DNA double hairpin oligonucleotides. 

This strategy centers around the use of extracts from various sources to correct a 
mutation in a plasmid using a modified single-stranded or a chimeric RNA-DNA double hairpin 
oligonucleotide. A mutation is placed inside the coding region of a gene conferring antibiotic resistance in 
bacteria, here kanamycin or tetracycline. The appearance of resistance is measured by genetic readout 
in Ecoli grown in the presence of the specified antibiotic. The importance of this system is that both 
phenotypic alteration and genetic inheritance can be measured. Plasmid pK s m4021 contains a mutation 
(T-*G) at residue 4021 rendering it unable to confer antibiotic resistance in E.coli. This point mutation is 
targeted for repair by oligonucleotides designed to restore kanamycin resistance. To avoid concerns of 
plasmid contamination skewing the colony counts, the directed correction is from G-#C rather than G-*T 
(wild-type). After isolation, the plasmid is electroporated into the DH1 OB strain of E.coli, which contains 
inactive RecA protein. The number of kanamycin colonies is counted and normalized by ascertaining the 
number of ampicillin colonies, a process that controls for the influence of electroporation. The number of 
colonies generated from three to five independent reactions was averaged and is presented for each 
experiment A fold increase number is recorded to aid in comparison. 

The original RNA-DNA double hairpin chimera design, e.g., as disclosed in U.S. 
Patent 5,565,350, consists of two hybridized regions of a single-stranded oligonucleotide folded into a 
double hairpin configuration. The double-stranded targeting region is made up of a 5 base pair DNA/DNA 
segment bracketed by 10 base pair RNA/DNA segments. The central base pair is mismatched to the 
corresponding base pair in the target gene. When a molecule of this design is used to correct the kan s 
mutation, gene repair is observed (I in Figure 1A). Chimera II (Figure 1B) differs partly from chimera I in 
that only the DNA strand of the double hairpin is mismatched to the target sequence. When this chimera 
was used to correct the kan s mutation, it was twice as active. In the same study, repair function could be 
further increased by making the targeting region of the chimera a continuous RNA/DNA hybrid. 

Frame shift mutations are repaired. By using plasmid pFA208, described in Figure 1(C) 
and Figure 3, the capacity of the modified single-stranded molecules that showed activity in correcting a 
point mutation, can be tested for repair of a frameshift. To determine efficiency of correction of the 
mutation, a chimeric oligonucleotide (Tet I), which is designed to insert a T residue at position 208, is 
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used. A modified single-stranded oligonucleotide (Tet IX) directs the insertion of a T residue at this same 
site. Figure 3 illustrates the plasmid and target bases designated for change in the experiments. When 
all reaction components are present (extract, plasmid, oligomer), tetracycline resistant colonies appear. 
The colony count increases with the amount of oligonucleotide used up to a point beyond which the count 
falls off (Table 3). No colonies above background are observed in the absence of either extractor 
oligonucleotide, nor when a modified single-stranded molecule bearing perfect complementarity is used. 
Figure 3 represents the sequence surrounding the target site and shows that a T residue is inserted at the 
correct site. We have isolated plasmids from fifteen colonies obtained in three independent experiments 
and each analyzed sequence revealed the same precise nucleotide insertion. These data suggest that 
the single-stranded molecules used initially for point mutation correction can also repair nucleotide 
deletions. 

Comparison of phosphorothioate oligonucleotides to 2'-0-methyl substituted 
oligonucleotides. From a comparison of molecules VII and XI, it is apparent that gene repair is more 
subject to inhibition by RNA residues than by phosphorothioate linkages. Thus, even though both of 
these oligonucleotides contain an equal number of modifications to impart nuclease resistance, XI (with 
16 phosphorothioate linkages) has good gene repair activity while VII (with 16 2-O-methyl RNA residues) 
is inactive. Hence, the original chimeric double hairpin oligonucleotide enabled correction directed, in 
large part, by the strand containing a large region of contiguous DNA residues. 

Oligonucleotides can target multiple nucleotide alterations within the same template. The 
ability of individual single-stranded oligonucleotides to correct multiple mutations in a single target 
template is tested using the plasmid pK s m4021 and the following single-stranded oligonucleotides 
modified with 3 phosphorothioate linkages at each end (indicated as underlined nucleotides): Ofigol is a 
25-mer with the sequence TTCGATAAGCCTATGCTGACCCGTG corrects the original mutation present 
in the kanamycin resistance gene of pK s m4021 as well as directing another alteration 2 basepairs away in 
the target sequence (both indicated in boldface); Oligo2 is a 70-mer with the 5-end sequence 
TTCGGCTACGACTGGGCACAACAGACAATTGGC with the remaining nucleotides being completely 
complementary to the kanamycin resistance gene and also ending in 3 phosphorothioate linkages at the 
3' end. Oligo2 directs correction of the mutation in pK s m4021 as well as directing another alteration 21 
basepairs away in the target sequence (both indicated in boldface). 

We also use additional oligonucleotides to assay the ability of individual oligonucleotides 
to correct multiple mutations in the p 1^4021 plasmid. These include, for example, a second 25-mer that 
alters two nucleotides that are three nucleotides apart with the sequence 5'- 
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TTGTGCCCAGTCGTATCCGAATAGC-3'; a 70-mer that alters two nucleotides that are 21 nucleotides 
apart with the sequence 5'-CATCAGAGCAGCCAA7TGTCTGTTGTGCCCAGTCGTAGCCGAA 
TAGCCTCTCCACCCMGCGGCCGGAGA-3'; and another 70-mer that alters two nucleotides that are 21 
nucleotides apart with the sequence 5- 

GCTGACAGCCGGMCACGGCGGCATCAGAGCAGCCAATTGTCTGTTGTGCCCAGTCGTAGCCGAAT 
AGCCT-3'. The nucleotides in the oligonucleotides that direct alteration of the target sequence are 
underlined and in boldface. These oligonucleotides are modified in the same way as the other 
oligonucleotides of the invention. 

We assay correction of the original mutation in pK s m4021 by monitoring kanamycin 
resistance (the second alterations which are directed by Oligo2 and Oligo3 are silent with . respect to the 
kanamycin resistance phenotype). In addition, in experiments with Oligo2, we also monitor cleavage of 
the resulting plasmids using the restriction enzyme Tsp509l which cuts at a specific site present only 
when the second alteration has occurred (at ATT in Oligo2). We then sequence these clones to 
determine whether the additional, silent alteration has also been introduced. The results of an analysis 
are presented below: 





Oligol (25-mer) 


Oligo2 (70-mer) 


Clones with both sites changed 


9 


7 


Clones with a single site changed 


0 


2 


Clones that were not changed 


4 


1 



Nuclease sensitivity of unmodified DNA oligonucleotide. Electrophoretic analysis of 
nucleic acid recovered from the ceil-free extract reactions conducted here confirm that the unmodified 
single-stranded 25-mer did not survive incubation whereas greater than 90% of the terminally modified 
oligos did survive (as judged by photo-image analyses of agarose gels). 

Plant extracts direct repair. The modified single-stranded constructs can be tested in 
plant cell extracts. We have observed gene alteration using extracts from multiple plant sources, 
including, for example, Arabidopsis, tobacco, banana, maize, soybean, canola, wheat spinach as well as 
spinach chloroplast extract or extracts made from other plant cells disclosed herein. We prepare the 
extracts by grinding plant tissue or cultured cells under liquid nitrogen with a mortar and pestle. We 
extract 3 ml of the ground plant tissue with 1.5 ml of extraction buffer (20 mM HEPES, pH7.5; 5 mM KCI; 
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1.5 mM MgCI 2 ; 10 mM DTT; and 10% [v/v] glycerol). Some plant cell-free extracts also include about 1% 
(w/v) PVP. We then homogenize the samples with 1 5 strokes of a Dounce homogenizer. Following 
homogenization, we incubate the samples on ice for 1 hour and centrifuge at 3000 x g for 5 minutes to 
remove plant cell debris. We then determine the protein concentration in the supernatants (extracts) by 
Bradford assay. We dispense 100 M9 (protein) aliquots of the extracts which we freeze in a dry ice- 
ethanol bath and store at -80°C. 

We describe experiments using two sources here: a dicot (canola) and a monocot 
(banana, Musa acuminata cv. Rasthali). Each vector directs gene repair of the kanamycin mutation 
(Table 4); however, the level of correction is elevated 2-3 fold relative to the frequency observed with the 
chimeric oligonucleotide. These results are similar to those observed in the mammalian system wherein 
a significant improvement in gene repair occurred when modified single-stranded molecules were used. 

Tables are attached hereto. 
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Table! 



Gene repair activity is directed by single-stranded oligonucleotides. 
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Plasmid pK c m4021 (lug), the indicated oligonucleotide (1.5 ng chimeric oligonucleotide 
or 0.55 fig single-stranded oligonucleotide; molar ratio of oligo to plasmid of 360 to 1) 
and either 10 or 20 \ig of HUH7 cell-free extract were incubated 45 min at 37°C. Isolated 
plasmid DNA was electroporated into E. coli (strain DH10B) and the number of kan r 
colonies counted. The data represent the number of kanamycin resistant colonies per 1 0* 
ampicillin resistant colonies generated from the same reaction and is die average of three 



WO 01/92512 



-30- 



PCT/US01/17672 



experiments (standard deviation usually less than +/- 15%). Fold increase is defined 
relative to 418 kan r colonies (second reaction) and in all reactions was calculated using 
the 20yg sample. 
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Table II 



Modified single-stranded oligomers are not dependent on MSH2 or MSH3 for optimal 

gene repair activity. 



A. Oligonucleotide Plasmid 



Extract 



kan r colonies 



K (3S/25G) 

X (6S/25G) 

DC 

X 

DC 

X 

DC 

X 



HUH7 

HUH7 

MEF2" A 

MEF2 + 

MEF3"*" 

MEF3 V - 

MEF** 

MEF W * 

MEF2* 

MEF3 V - 

MEF** 



637 

836 

781 

676 

S82 

530 

332 

497 

10 

5 

14 



Chimeric oligonucleotide (1.5 ug) or modified single-stranded oligonucleotide (0.55 ug) 
was incubated with lug of plasmid pK*m4021 and 20ug of the indicated extracts. MEF 
represents mouse embryonic fibroblasts with either MSH2 (2 V ") or MSH3 (3*) deleted. 
MEF^ indicates wild-type mouse embryonic fibroblasts. The other reaction components 
were then added and processed through the bacterial readout system. The data represent the 
number of kanamycin resistant colonies per 1 0 6 ampicillin resistant colonies. 
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Table ID 

Frameshift mutation repair is directed by single-stranded oligonucleotides 



Oligonucleotide Plasmid Extract tor* colonies 

TetK(3S/25A;0.5ng) prA208(lng) - 0 

20ug 0 

Tet DC (0.5 ug) 48 

Tet DC (1.5 ug) 130 

Tet DC (2.0 ug) I 68 

Tet I (chimera; 1.5 ng) ▼ t 48 

Each reaction mixture contained the indicated amounts of plasmid and oligonucleotide. 

The extract used for these experiments came from HUH7 cells. The data represent the 

number of tetracycline resistant colonies per 10 6 ampicillin resistant colonies generated 

from the same reaction and is the average of 3 independent experiments. Tet I is a 

chimeric oligonucleotide and Tet DC is a modified single-stranded oligonucleotide that 

are designed to insert a T residue at position 208 of pT*A208. These oligonucleotides are 

equivalent to structures I and DC in Figure 2. 
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Table IV 

Plant cell-free, extracts support gene repair by single-stranded oligonucleotides 



Oligonucleotide Plasmid 



II (chimera) 
DC(3S/25G) 
X(6S/25G) 

n 

DC 
X 



DC 
X 



pK s m4021 



Extract 


kan r colonies 


30^g Canola 


337 


Canola 


763 


Canola 


882 


Musa 


203 


Musa 


343 


Musa 


746 


Canola 


0 


Musa 


0 


- Canola 


0 


- Musa 


0 



Canola or Musa cell-free extracts were tested for gene repair activity on the kanamycin- 
sensitive gene as previously described in (18). Chimeric oligonucleotide U (1.S ng) and 
modified single-stranded oligonucleotides DC and X (0.55yg) were used to correct 
pK s rh4021. Total number of lean' colonies are present per 10 7 ampicillin resistant 
colonies and represent an average of four independent experiments. 
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EXAMPLE 2 
Yeast Cell Targeting Assay Method for Base 
Alteration and Preferred Oligonucleotide Selection 

In this. example, single-stranded oligonucleotides with modified backbones and double- 

5 hairpin oligonucleotides with chimeric, RNA-DNA backbones are used to measure gene repair using two 
episomal targets with a fusion between a hygromycin resistance gene and eGFP as a target for gene 
repair. These plasmids are pAURHYG(rep)GFP, which contains a point mutation in the hygromycin 
resistance gene (Figure 7), pAURHYG(ins)GFP, which contains a single-base insertion in the hygromycin 
resistance gene (Figure 7) and pAURHYG(A)GFP which has a single base deletion. We also use the 

1 0 plasmid containing a wild-type copy of the hygromycin-eGFP fusion gene, designated 

pAURHYG(wt)GFP, as a control. These plasmids also contain an aureobasidinA resistance gene. In 
pAURHYG(rep)GFP, hygromycin resistance gene function and green fluorescence from the eGFP protein 
are restored when a G at position 137, atcodon 46 of the hygromycin B coding sequence, is converted to 
a C thus removing a premature stop codon in the hygromycin resistance gene coding region. In 

1 5 pAURHYG(ins)GFP, hygromycin resistance gene function and green fluorescence from the eGFP protein 
are restored when an A inserted between nucleotide positions 136 and 137, at codon 46 of the 
hygromycin B coding sequence, is deleted and a C is substituted for the T at position 137, thus correcting 
a frameshift mutation and restoring the reading frame of the hygromycin-eGFP fusion gene. 

We synthesize the set of three yeast expression constructs pAURHYG(rep)eGFP, 

20 p AURHYG(A)eGFP, p AURHYG(ins)eGFP, that contain a point mutation at nucleotide 1 37 of the 

hygromycin-B coding sequence as follows, (rep) indicates a T1 37->G replacement, (A) represents a 
deletion of the G137 and (ins) represents an A insertion between nucleotides 136 and 137. We construct 
this set of plasmids by excising the respective expression cassettes by restriction digest from 
pHyg(x)EGFP and ligation into pAUR123 (Panvera, CA). We digest 10 M9 pAUR123 vector DNA, as well 

25 as, 10 pg of each pHyg(x)EGFP construct with Kpnl and Sail (NEB). We gel purify each of the DNA 

fragments and prepare them for enzymatic ligation. We ligate each mutated insert into pHygEGFP vector 
at 3:1 molar ratio using T4 DNA ligase (Roche). We screen, clones by restriction digest, confirm by 
Sanger dideoxy chain termination sequencing and purify using a Qiagen maxiprep kit. 

We use this system to assay the ability of five oligonucleotides (shown in Figure 8) to 

30 support correction under a variety of conditions. The oligonucleotides which direct correction of the 

mutation in pAURHYG(rep)GFP can also direct correction of the mutation in pAURHYG(ins)GFP. Three 
of the four oligonucleotides (HygE3T/25, HygE3T/74 and HygGG/Rev) share the same 25-base sequence 
surrounding the base targeted for alteration. HygGG/Rev is an RNA-DNA chimeric double hairpin 
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oligonucleotide of the type described in the prior art. One of these oligonucleotides, HygE3T774, is a 74- 
base oligonucleotide with the 25-base sequence centrally positioned. The fourth oligonucleotide, 
designated HygE3TV74a, is the reverse complement of HygE3T/74. The fifth oligonucleotide, designated 
Kan70T, is a non-specific, control oligonucleotide which is not complementary to the target sequence. 
Alternatively, an oligonucleotide of identical sequence but lacking a mismatch to the target or a completely 
thioate modified oligonucleotide or a completely 2-0-methylated modified oligonucleotide may be used as 
a control. Alternatively, oligonucleotides containing one, two, three, four, five, six, eight, ten or more LNA 
modifications on at least one of the two termini (and preferrably the 3' terminus) may be used in different 
embodiments. 

Oligonucleotide synthesis and cells. We synthesized and purified the chimeric, double- 
hairpin oligonucleotides and single-stranded oligonucleotides (including those with the indicated 
modifications) as described in Example 1 . Plasmids used for assay were maintained stably in yeast 
(Saccharomyces cerevisiae) strain LSY678 MATcratlow copy number under aureobasidin selection. 
Plasmids and oligonucleotides are introduced into yeast cells by electroporation as follows: to prepare 
electrocompetent yeast cells, we inoculate 1 0 ml of YPD media from a single colony and grow the 
cultures overnight with shaking at 300 rpm at 30°C. We then add 30 ml of fresh YPD media to the 
overnight cultures and continue shaking at 30°C until the OD m was between 0.5 and 1 .0 (3-5 hours). We 
then wash the cells by centrifuging at 4°C at 3000 rpm for 5 minutes and twice resuspending the cells in 
25 ml ice-cold distilled water. We then centrifuge at 4°C at 3000 rpm for 5 minutes and resuspend in 1 ml 
ice-cold 1M sorbitol and then finally centrifuge the cells at 4°C at 5000 rpm for 5 minutes and resuspend 
the cells in 120 |J| 1M sorbitol. To transform electrocompetent cells with plasmids or oligonucleotides, we 
mix 40 pi of cells with 5 |jg of nucleic acid, unless otherwise stated, and incubate on ice for 5 minutes. 
We then transfer the mixture to a 0.2 cm electroporation cuvette and electroporate with a BIO-RAD Gene 
Pulser apparatus at 1 .5 kV, 25 pF, 200 O for one five-second pulse. We then immediately resuspend the 
cells in 1 ml YPD supplemented with 1 M sorbitol and incubate the cultures at 30°C with shaking at 300 
rpm for 6 hours. We then spread 200 pi of this culture on selective plates containing 300 pg/ml 
hygromycin and spread 200 pi of a 1 0 5 dilution of this culture on selective plates containing 500 ng/ml 
aureobasidinA and/or and incubate at 30°C for 3 days to allow individual yeast colonies to grow. We then 
count the colonies on the plates and calculate the gene conversion efficiency by determining the number 
of hygromycin resistance colonies per 10 s aureobasidinA resistant colonies. 

Frameshift mutations are repaired in yeast cells. We test the ability of the 
oligonucleotides shown in Figure 8 to correct a frameshift mutation in vivo using LSY678 yeast cells 
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containing the plasmid pAURHYG(ins)GFP. These experiments, presented in Table 6, indicate that these 
oligonucleotides can support gene correction in yeast cells. These data reinforce the results described in 
Example 1 indicating that oligonucleotides comprising phosphorothioate linkages facilitate gene correction 
much more efficiently than control duplex, chimeric RNA-DNA oligonucleotides. This gene correction 

5 activity is also specific as transformation of cells with the control oligonucleotide Kan70T produced no 

hygromycin resistant colonies above background and thus Kan70T did not support gene correction in this 
system. In addition, we observe that the 74-base oligonucleotide (HygE3T/74) corrects the mutation in 
pAURHYG(ins)GFP approximately five-fold more efficiently than the 25-base oligonucleotide 
(HygE3T/25). We also perform control experiments with LSY678 yeast cells containing the plasmid 

1 0 pAURHYG(wt)GFP. With this strain we observed that even without added oligonucleotides, there are too 
many hygromycin resistant colonies to count 

We also use additional oligonucleotides to assay the ability of individual oligonucleotides 
to correct multiple mutations in the pAURHYG(x)eGFP plasmid. These include, for example, one that 
alters two basepairs that are 3 nucleotides apart is a 74-mer with the sequence 5'- 

15 CTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGGTACGTCCTGCGGGTAAATAGCTGCGCCGATG 
GTTTCTAC-3'; a 74-mer that alters two basepairs that are 15 nucleotides apart with the sequence 5- 
CTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGATACGTCCTGCGGGTAAACAGCTGCGCCGATG 
GTTTCTAC-3'; and a 74-mer that alters two basepairs that are 27 nucleotides apart with the sequence 5- 
CTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGATACGTCCTGCGGGTAAATAGCTGCGCCGACG 

20 GTTTCTAC. The nucleotides in these oligonucleotides that direct alteration of the target sequence are 
underlined and in boldface. These oligonucleotides are modified in the same ways as the other 
oligonucleotides of the invention. 

Oligonucleotides targeting the sense strand direct gene correction more efficiently. We 
compare the ability of single-stranded oligonucleotides to target each of the two strands of the target 

25 sequence of both pAURHYG(ins)GFP and pAURHYG(rep)GFP. These experiments, presented in Tables 
7 and 8, indicate that an oligonucleotide, HygE3T/74cc, with sequence complementary to the sense 
strand (i.e. the strand of the target sequence that is identical to the mRNA) of the target sequence 
facilitates gene correction approximately ten-fold more efficiently than an oligonucleotide, HygE3T/74, 
with sequence complementary to the non-transcribed strand which serves as the template for the 

30 synthesis of RNA. As indicated in Table 7, this effect was observed over a range of oligonucleotide 

concentrations from 0-3.6 |jg, although we did observe some variability in the difference between the two 
oligonucleotides (indicated in Table 7 as a fold difference between HygE3T/74a and HygE3T/74). 
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Furthermore, as shown in Table 8, we observe increased efficiency of correction by HygE3T/74a relative 
to HygE3T/74 regardless of whether the oligonucleotides were used to correct the base substitution 
mutation in pAURHYG(rep)GFP or the insertion mutation in pAURHYG(ins)GFP. The data presented in 
Table 8 further indicate that the single-stranded oligonucleotides correct a base substitution mutation 
more efficiently than an insertion mutation. However, this last effect was much less pronounced and the 
oligonucleotides of the invention are clearly able efficiently to correct both types of mutations in yeast 
cells. In addition, the role of transcription is investigated using plasmids with inducible promoters such as 
that described in Figure 10. 

Optimization of oligonucleotide concentration. To determine the optimal concentration of 
oligonucleotide for the purpose of gene alteration, we test the ability of increasing concentrations of 
Hyg3T/74cc to correct the mutation in pAURHYG(rep)GFP contained in yeast LSY678. We chose this 
assay system because our previous experiments indicated that it supports the highest level of correction. 
However, this same approach could be used to determine the optimal concentration of any given 
oligonucleotide. We test the ability of Hyg3T/74a to correct the mutation in pAURHYG(rep)GFP 
contained in yeast LSY678 over a range of oligonucleotide concentrations from 0-10.0 M9- As shown in 
Table 9, we observe that the correction efficiency initially increases with increasing oligonucleotide 
concentration, but then declines at the highest concentration tested. 

Tables are attached hereto. 
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Table 6 

Correction of an insertion mutation in pAURHYG(ins)GFP by HygGG/Rev, HygE3T/25 and HygE3T/74 



Oligonucleotide Tested 


Colonies on 


Colonies on 


Correction 




Hygromycin 


Aureobasidin (/10 5 ) 


Efficiency 


HygGG/Rev 


3 


157 


0.02 


HygE3T/25 


64 


147 


0.44 


HygE3T/74 


280 


174 


1.61 


Kan70T 


0 







Table 7 

An oligonucleotide targeting the sense strand of the target sequence corrects more efficiently. 



Amount of Oligonucleotide (pg) 


Colonies per hygromycin plate 




HygE3T/74 


HygE3T/74cc 


0 


0 


0 


0.6 


24 


128(8.4x)* 


1.2 


69 


140 (7.5x)* 


2.4 


62 


167(3.8x)* 


3.6 


29 


367 (15x)* 



* The numbers in parentheses represent the fold increase in efficiency for targeting the non-transcribed 
strand as compared to the other strand of a DNA duplex that encodes a protein. 
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Table 8 

Correction of a base substitution mutation is more efficient than correction of a frame shift mutation. 



Oligonucleotide Tested (5 yg) 


Plasmid tested (contained in LSY678) 


pAURHYG(ins)GFP 


pAURHYG(rep)GFP 


HygE3T/74 


72 


277 


HygE3T/74cc 


1464 


2248 


Kan70T 


0 


0 



Table 9 

Optimization of oligonucleotide concentration in electroporated yeast cells. 



Amount (pg) 


Colonies on 


Colonies on 


Correction efficiency 




hygromycin 


aureobasidin (/10 s ) 




0 


0 


67 


0 


1.0 


5 


64 


0.08 


2.5 


47 


30 


1.57 j 


5.0 


199 


33 


6.08 


7.5 


383 


39 


9.79 


10.0 


191 


33 


5.79 



Example 3 
Cultured Cell Manipulation 

Although disclosure in this example is directed to use of stem cells or human blood cells 
and microinjection, the microinjection procedures may also be used with cultured plant cells or protoplasts 
using any plant species, including those disclosed herein. Mononuclear cells are isolated from human 
umbilical cord blood of normal donors using Ficoll Hypaque (Pharmacia Biotech, Uppsala, Sweden) 
density centrifugation. CD34+ cells are immunomagnetically purified from mononuclear cells using either 
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the progenitor or Multisort Kits (Miltenyi Biotec, Auburn, CA). Lin"CD38" cells are purified from the 
mononuclear cells using negative selection with StemSep system according to the manufacturer's 
protocol (Stem Cell Technologies, Vancouver, CA). Cells used for microinjection are either freshly 
isolated or cryopreserved and cultured in Stem Medium (S Medium) for 2 to 5 days prior to microinjection. 

5 S Medium contains Iscoves' Modified Dulbecco's Medium without phenol red (IMDM) with 1 00 |jg/ml 
glutamine/penicillin/streptomycin, 50 mg/ml bovine serum albumin, 50 |jg/ml bovine pancreatic insulin, 1 
mg/ml human transferrin, and IMDM; Stem Cell Technologies), 40 |jg/ml low-density lipoprotein (LDL; 
Sigma, St Louis, MO), 50 mM HEPEs buffer and 50 [M 2-mercaptoethanol, 20 ng/ml each of 
thrombopoietin, flt-3 ligand, stem cell factor and human IL-6 (Pepro Tech Inc., Rocky Hill, NJ). After 

1 0 microinjection, cells are detached and transferred in bulk into wells of 48 well plates for culturing. 

35 mm dishes are coated overnight at 4° C with 50 pg/ml Fibronectin (FN) fragment CH- 
296 (Retronectin; TaKaRa Biomedicals, Panvera, Madison, Wl) in phosphate buffered saline and washed 
with IMDM containing glutamine/penicillin/streptomycin. 300 to 2000 cells are added to cloning rings and 
attached to the plates for 45 minutes at 37° C prior to microinjection. After incubation, cloning rings are 

1 5 removed and 2 ml of S Medium are added to each dish for microinjection. Pulled injection needles with a 
range of 0.22 pm to 0.3 pm outer tip diameter are used. Cells are visualized with a microscope equipped 
with a temperature controlled stage set at 37° C and injected using an electronically interfaced Eppendorf 
Micromanipulator and Transjector. Successfully injected cells are intact alive and remain attached to the 
plate post injection. Molecules that are flourescently labeled allow determination of the amount of 

20 oligonucleotide delivered to the cells. 

For /a? vitro erythropoiesis from Lin"CD38" cells, the procedure of Malik, 1998 can be 
used. Cells are cultured in ME Medium for 4 days and then cultured in E Medium for 3 weeks. 
Erythropoiesis is evident by glycophorin A expression as well as the presence of red color representing 
the presence of hemoglobin in the cultured cells. The injected cells are able to retain their proliferative 

25 capacity and the ability to generate myeloid and erythoid progeny. CD34+ cells can convert a normal A 
(B A ) to sickle T (B s ) mutation in the B-globin gene or can be altered using any of the oligonucleotides of 
the invention herein for conrection or alteration of a normal gene to a mutant gene. Alternatively, stem 
cells can be isolated from blood of humans having genetic disease mutations and the oligonucleotides of 
the invention can be used to correct a defector to modify genomes within those cells. 

30 Alternatively, non-stem cell populations of cultured cells can be manipulated using any 

method known to those of skill in the art including, for example, the use of polycations, cationic lipids, 
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liposomes, polyethylenimine (PEI), electroporation, biolistics, calcium phosphate precipitation, or any 
other method known in the art. 

Biolistic delivery of oligonucleotide into plant cells may be accomplished according to the 
following method. One milliliter of packed cell volume of plant cell suspensions are subcultured onto 
plates containing solid medium [with Murashige and Skoog salts from Gibco/BRL, 500 mg/liter Mes, 1 
mg/liter thiamin, 100 mg/liter myo-inositol, 180 mg/liter KH2P04, 2.21 mg/liter 2,4-dichlorophenoxyacetic 
acid (2,4-D), and 30 g/liter sucrose (pH 5.7) and having 8 g/liter agar-agar from Sigma added before 
autoclaving]. By using a helium-driven particle gun such as that from BioRad and following manufacturers 
directions, oligonucleotides may be introduced to cells after precipitation onto 1 micrometer or 
comparable gold microcarriers (Bio-Rad). To precipitate onto microcarriers, 35 microliters of a particle 
suspension (60 mg of microcarriers per ml of 1 00% ethanol) is transferred to a 1 .5 ml microcentrifuge 
tube, which is agitated on a vortex mixer. Then 40 microliter of resuspended oligonucleotide (60 
ng/microliter water) is added; then 75 microliter of ice-cold 2.5 M CaCI2 is added; then 75 microliter of ice- 
cold 0.1 M spermidine is added. The tube is mixed vigorously or a vortex mixer for 10 min at room 
temperature. The particles are allowed to settle for 1 0 min and are centrifuged at 1 1 ,750 g for 30 sec. 
The supernatant is removed and the particles are resuspended in 50 microliter of 100% ethanol. An 
aliquot of 1 0 microliter of the resuspended particles are applied to each macro-projectile which is used to 
bombard each plate once at 900 psi (1 psi = 6.89 kPa) with a gap distance (distance from power source 
to macroprojectile) of 1 cm and a target distance (distance from microprojectile launch site to target 
material) of 10 cm. 

An alternative method of delivery can be used as follows. Cultured cells are suspended in liquid 
N6 medium and then plated on a VWR Scientific glass fiber filter. About 0.4 microgram of oligonucleotide 
are precipitated with 1 5 microliter of 2.5 mM CaCI2 and 5 microliter of 0.1 M spermidine onto 25 
microgram of 1 .0 micrometer gold particles. Microprojectile bombardment is performed by using a Bio- 
Rad PDS-1 000 He particle delivery system or comparable machine following manufacturers instructions. 
Alterations in oligonucleotide concentrations can be employed to determine the optimum concentration of 
oligonucleotide according to the procedures described herein for any particular oligonucleotide of the 
invention. 

Alternatively, the oligonucleotide of the invention may be delivered to a plant cell by 
electroporation of a protoplast derived from a plant part The protoplasts may be formed by enzymatic 
treatment of a plant part, particularly a leaf, according to techniques such as those in Gallois et al., 
Methods in Molecular Biology 55: 89-107 by Humana Press. Such conditions for electroporation use 
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about 3 x 10 s protoplasts in a total volume of about 0.3 ml with a concentration of oligonucleotide of 
between 0.6 to 4 microgram per ml. 

EXAMPLE 4 
Plant Cells 

The oligonucleotides of the invention can also be used to repair or direct a mutagenic 
event in plants and animal cells. Although little information is available on plant mutations amongst 
natural cultivars, the oligonucleotides of the invention can be used to produce "knock out" mutations by 
modification of specific amino acid codons to produce stop codons (e.g., a CAA codon specifying Gin can 
be modified at a specific site to TAA; a AAG codon specifying Lys can be modified to UAG at a specific 
site; and a CGA codon for Arg can be modified to a UGA codon at a specific site). Such base pair 
changes will terminate the reading frame and produce a defective truncated protein, shortened at the site 
of the stop codon 

. Alternatively, frameshift additions or deletions can be directed into the genome at a specific sequence to 
interrupt the reading frame and produce a garbled downstream protein. Such stop or frameshift mutations 
can be introduced to determine the effect of knocking out the protein in either plant or animal cells. 

For introduction of a T-DNA, including the T-DNA in the plasmid of Figure 1 1 , into a plant 
cell, Agrobacterium tumefaciens is used. These techniques are routine standard techniques known in the 
art For example, one method follows. We transform A tumefaciens is transformed by electroporation 
(using a BioRad Gene Pulser 1 ™). Competent A tumefaciens is prepared using a method similar to that of 
preparing competent E. co// by suspending a freshly grown culture three times in ice-cold water and a 
final resuspension in 10% glycerol. Electroporation conditions are a 0.2 cm gap cuvette at a setting of 25 
MF,200Qand2.5kV. 

A tumefaciens containing a plasmid with a T-DNA is then used to introduce the T-DNA 
into a plant cell using routine standard techniques known in the art For example, we transform 
Arabidopsis by vacuum infiltration or by dipping flowers in an Agrobacterium solution containing a 
surfactant, e.g. L-77. Seeds are then collected, grown and screened for presence of the T-DNA. 
Alternatively, Agrobacterium can be used to transform callus tissue and the callus tissue can then be 
used to regenerate transformed plants. 

All publications and patent applications cited in this specification are herein incorporated . 
by reference as if each individual publication or patent application were specifically and individually 
indicated to be incorporated by reference. Although the foregoing invention has been described in some 
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detail by way of illustration and example for purposes of clarity of understanding, it will be readily apparent 
to those of ordinary skill in the art in light of the teachings of this invention that certain changes and 
modifications may be made thereto without departing from the spirit or scope of the appended claims. 

Notes on the tables presented below: 

Each of the following tables presents, for the specified gene, a plurality of mutations that 
are known to confer a relevant phenotype and, for each mutation, the oligonucleotides that can be used to 
correct the respective mutation site-specifically in the genome according to the present invention. 

The left-most column identifies each alteration or mutation and the phenotype that the 
alteration/mutation confers. 

For most entries, the mutation/alteration is identified at both the nucleic acid and protein 
level. At the amino acid level, mutations are presented according to the following standard nomenclature. 
The centered number identifies the position of the mutated codon in the protein sequence; to the left of the 
number is the wild type residue and to the right of the number is the mutant codon. Terminator codons 
are shown as "TERM". At the nucleic acid level, the entire triplet of the wild type and mutated codons is 
shown. 

The middle column presents, for each mutation, four oligonucleotides capable of 
repairing the mutation site-specifically in the genome or in cloned DNA including DNA in artificial 
chromosomes, episomes, plasmids, or other types of vectors. The oligonucleotides of the invention, 
however, may include any of the oligonucleotides sharing portions of the sequence of the 121 base 
sequence. Thus, oligonucleotides of the invention for each of the depicted targets may be 18, 19, 20 up 
to about 121 nucleotides in length. Sequence may be added non-symmetrically. 

All oligonucleotides are presented, per convention, in the 5' to 3' orientation. The 
nucleotide that effects the change in the genome is underlined and presented in bold. 

The first of the four oligonucleotides for each mutation is a 1 21 nt oligonucleotide 
centered about the repair/altering nucleotide. The second oligonucleotide, its reverse complement, 
targets the opposite strand of the DNA duplex for repair/alteration. The third oligonucleotide is the 
minimal 1 7 nt domain of the first oligonucleotide, also centered about the repair/alteration nucleotide. The 
fourth oligonucleotide is the reverse complement of the third, and thus represents the minimal 17 nt 
domain of the second. 

The third column of each table presents the SEQ ID NO: of the respective repair 

oligonucleotide. 
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Example 5 
Engineering herbicide resistant plants 

Chemical weed control is an important tool of modern agriculture and many herbicides have 
been developed for this purpose. Their use has resulted in substantial increases in the yields of many 
crops, including, for example, maize, soybeans, and cotton. Thus while the use of fertilizers and new 
high-yielding crop varieties have contributed greatly to the "green revolution," chemical weed control has 
also been at the forefront of technological achievement 

Herbicides having broad-spectrum activity are particularly useful because they obviate the 
need for multiple herbicides targeting different classes of weeds. The problem with such herbicides is that 
they typically also affect crops which are exposed to the herbicide. One way to overcome this is to generate 
plants which are resistant to one or more broad-spectrum herbicides. Such herbicide-tolerant plants may 
reduce the need for tillage to control weeds, thereby effectively reducing soil erosion and can reduce the 
quantity and number of different herbicides applied in the field. 

Common herbicides used, for example, include those that inhibit the enzyme 
5-enolpyruvyl-3-phosphoshikimic acid synthase (EPSPS), for example N-phosphonomethyl-glycine (e.g. 
glyphosate), those that inhibit acetolactate synthase (ALS) activity, for example the sulfonylureas and 
related herbicides, and those that inhibit dihydropteroate synthase, for example methyl[(4-amino- 
phenyl)sulfonyl]carbamate (e.g. Asulam). Herbicide-tolerant plants can be produced by several methods, 
including, for example, introducing into the genome of the plant the ability to degrade the herbicide, the 
capacity to produce a higher level of the targeted enzyme, and/or expressing an herbicide-tolerant allele of 
the enzyme. 

The attached tables disclose exemplary oligonucleotides base sequences which can be 
used to generate site-specific mutations in plant genes that confer herbicide resistance. 
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Table 10 

Genome-Altering Oliaos Conferring Glvphosate Resistance 



Phenotype,Gene, 
Rant Mrg^d; 

A It A r At f rill 






wmmmmmmmmm wm ~m mmmmmmmmmmmvm mm 


iilii 

NOr 


Glyphosate Resistance 
EPSPS 

Arabidopsis thaliana 


AAGCGTCGGAGATTGTACTTCAACCCATTAGAGAAATCTCCGGTC 

TTATTAAGCTTCCTGCCTCCAAGTCTCTATCAAATCGGATCCTGC 

TTCTCGCTGCTCTGTCTGAGGTATATATCAC 


4341 


Gly97Ala 
GGC-GCC 


GTGATATATACCTCAGACAGAGCAGCGAGAAGCAGGATCCGATT 
TGATAGAGACTTGGAGGCAGGAAGCTTAATAAGACCGGAGATTT 

ATrtTA ATA A A 1 1 A A A AT A A A A TATA A A A A A ATT 

CTCTMTGGGTTGAAGTACAATCTCCGACGCTT 


4342 






4343 




A ATT A A A A A A A AA A AOO 

ACTTGGAGGCAGGMbO 




Glyphosate Resistance 
EPSPS 

Brassica napus 


MGCTTCAGAGATTGTGCTTCAACCAATCAGAGAAATCTCGGGTC 
TCATTAAGCTACCCGCATCCAAATCTCTCTCCAATCGGATCCTCC 
TTCTTGCCGCTCTATCTGAGGTACATATACT 


4345 


Gly93Ala 
GGA-GCA 


AGTATATGTACCTCAGATAGAGCGGCAAGAAGGAGGATCCGATT 
GGAGAGAGATTTGGATGCGGGTAGCTTAATGAGACCCGAGATTT 

S m \.T' f\^T a ' 1 1 1"^N^V1 I'^N A A ^\ A A A A^T^\*T"AT^^ A A ^"^/*V 1 1 

CTCTGATTGGTTGAAGCACAATCTCTGAAGCTT 


4346 






4347 




ATTTGttATGCRGGTAGC 


4348 


Glyphosate Resistance 
EPSPS 1 

Nicotiana tabacum 


AGCCCAACGAGATTGTGCTGCAACCCATCAAAGATATATCAGGC 
ACTGnAMTTGCCTGCTTCTAAATCCCTTTCCAATCGTATTCTCC 

■l 1 I'/'Vl TAATAAANAI I'TATA A AAA A A A A A AT AT 

TTCTTGCTGCCCTTTCTAAGGGAAGGACTGT 


4349 


Gly95Ala 
GGT-GCT 


ACAGTCCTTCCCTTAGAAAGGGCAGCAAGAAGGAGAATACGATT 
GGAAAGGGATTTAGAASCAGGCAATTTAACAGTGCCTGATATATC 

ill f\ A T m f\f\r\ m l~t m f\f\ A A A A A TATA A 1 1 /""*AA^AT 

TTTGATGGGTTGCAGCACAATCTCGTTGGGCT 


4350 




ATTnrfTftPTTnTAAAT 


4351 




ATTTAGAAGPAGGCAAT 


4352 


Glyphosate Resistance 
EPSPS 2 

Nicotiana tabacum 


attgtttcCttggtacgaaatgtcctcctgttcgaattgtcagca 
agggaggccttcccgcagggmggtaaagctctctggatcaatt 

AGCAGCCAGTACTTGACTGCTCTGCTTATGGC 


4353 


Gly62Ala 
GGA-GCA 


GCCATAAGCAGAGCAGTCAAGTACTGGCTGCTAATTGATCCAGA 
GAGCTTTACCTTCCCTGCGGGMGGCCTCCCTTGCTGACAATTC 

AN A A ^\ A ^\ ^\ A ^\ A A ^TTA AT A A A f\ /N AAA ^N A A T 

GAACAGGAGGACATTTCGTACCAAGGAAACAAT 


4354 




CCTTCCCGCAGGGAAGG 


4355 




CCTTCCCTfiCGGGAAGG 


4356 


Glyphosate Resistance 

EPSPS 

Zea mays 


ATTGTTTCCTTGGCACTGACTGCCCACCTGTTCGTGTCAATGGAA 
TCGGAGGGCTACCTGCTGGCAAGGTCAAGCTGTCTGGCTCCATC 
AGCAGTCAGTACTTGAGTGCCTTGCTGATGGC 


4357 


Gly168Ala 
GGT-GCT 


GCCATCAGCAAGGCACTCAAGTACTGACTGCTGATGGAGCCAGA 
CAGCTTGACCTTGCCAGCAGGTAGCCCTCCGATTCCATTGACAC 
GAACAGGTGGGCAGTCAGTGCCAAGGAAACAAT 


4358 
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:' : t:?PhenotypC£^^ 
Plants Targeted 
; Alteration 


■ , .. ' .... , 


SEQIO 

HO; 




GCTACCTGCTGGCAAGG 


4359 




CCTTGCCAGCAGGTAGC 


4360 


Glyphosate Resistance 

EPSPS 

Oryza sativa 


ACTGTTTCCTTGGCACTGAATGCCCACCTGTTCGTGTCAAGGGA 
A 1 1 bbAbbAO 1 1 00 1 bC 1 bbOAAbb 1 1 AAbO 1 0 1 0 1 bo 1 1 OOAI 
CAGCAGTCAGTACTTGAGTGCCTTGCTGATGGC 


4361 


Gly115Ala 
GGT-GCT 


GCCATCAGCAAGGCACTCAAGTACTGACTGCTGATGGAACCAGA 

GAGCTTAACCTTGCCAGCAGGAAGTCCTCCAATTCCCTTGACAC 

GAACAGGTGGGCATTCAGTGCCAAGGAAACAGT 


4362 




ACTTCCTGCTGGCAAGG 


4363 




CCTTGCCAGCAGGAAGT 


4364 


Glyphosate Resistance 

EPSPS 

Petunia x hybrida 


AGCCTTCTGAGATAGTGTTGCAACCCATTAAAGAGA 1 1 ICAGGCA 

r>Tr>TTA a ATTr > r k r>Tr > cr»Tr > TA a ait* att atpta ata/"* a attpt/T'T 
0 1 b 1 1 AAA 1 1 bOO 1 byO 1 0 1 AAA 1 OA 1 1 A 1 0 1 AA 1 AbAA 1 ll>l OU 1 

TCTTGCTGCCTTATCTGAAGGAACAACTGT 


4365 


Gly93AIa 
GGC-GCC 


ACAGTTGTTCCTTCAGATAAGGCAGCAAGAAGGAGAATTCTATTA 
GATAATGATTTAGAGGCAGGCAATTTAACAGTGCCTGAAATCTCT 
TTAATGGGTTGCAACACTATCTCAGAAGGCT 


4366 




ATTGCCTGCCTCTAAAT 


4367 




ATTTAGAGGCAGGCAAT 


4368 


Glyphosate Resistance 

EPSPS 

Lycopersicon 


AACCCCATGAGATTGTGCTAGNACCCATCAAAGATATATCTGGTA 
CTGTTAAATTACCCGCTTCGAAATCCCTTTCCAATCGTATTCTCCT 
TCTTGCTGCCCTTTCTGAGGGAAGGACTGT 


4369 


esculentum 

Gly97Ala I 
GGT-GCT 


ACAGTCCTTCCCTCAGAAAGGGCAGCAAGAAGGAGAATACGATT 
GGAAAGGGATTTCGAAGCGGGTAATTTAACAGTACCAGATATATC 
TTTGATGGGTNCTAGCACAATCTCATGGGGTT 


4370 




ATTACCCGCTTCGAAAT 


4371 




ATTTCGAAGCGGGTAAT 


4372 


Glyphosate Resistance 

rnpnn 

EPSPS 

LoHum riaiduffi 


ATTGTTTCCTTGGCACTGACTGCCCACCTGTTCGKATCAACGGCA 
M bbAbbbO TAOO 1 b£ 1 bbOAAbb 1 1 AAbO 1 b 1 0 1 bb 1 1 OOA 1 0 
AGCAGCCAATACTTGAGTTCCTTGCTGATGGC 


4373 


Gly107Ala 
GGT-GCT 


GCCATCAGCAAGGAACTCAAGTATTGGCTGCTGATGGAACCAGA 
CAGCTTAACCTTGCCAGCAGGTAGCCCTCCAATGCCGTTGATCG 
AACAGGTGGGCAGTCAGTGCCAAGGAAACAAT 


4374 




GCTACCTGCTGGCAAGG 


4375 




CCTTGCCAGCAGGTAGC 


4376 
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Table 11 

Genome-Altering Oliaos Conferring Imidazolinone and Sulfonylurea Herbicide Resistance 



5 



§§£|ehotype,:Gerie, ; ' 
riant ft i argetea 
Alteration 


>'<>'- - l : - t ; : 

Afterina Ofiaos — 
Aitennguugos 


llllllllli 

Hi 


Sulfonylurea 

Resistance 

ALS 


AGCGGATTAGCCGATGCGTTGTTAGATAGTGTTCCTCTTGTAGCA 
ATCACAGGACAAGTCTCTCGTCGTATGATTGGTACAGATGCGTTT 
CAAGAGACTCCGATTGTTGAGGTAACGCGTT 


4377 


Arabidopsis thaliana 

Pro197Ser 

CCT-TCT 


AACGCGTTACCTCAACAATCGGAGTCTCTTGAAACGCATCTGTAC 
CAATCATACGACGAGAGACTTGTCCTGTGATTGCTACAAGAGGM 
CACTATCTAACAACGCATCGGCTAATCCGCT 


4378 




GACAAGTCTCTCGTCGT 


4379 




ACGACGAGAGACTTGTC 


4380 


Sulfonylurea 

Resistance 

ALS 


AGCGGATTAGCCGATGCGTTGTTAGATAGTGTTCCTCTTGTAGCA 
ATCACAGGACAAGTCCAGCGTCGTATGATTGGTACAGATGCGTTT 
CAAGAGACTCCGATTGTTGAGGTAACGCGTT 


4381 


Arabidopsis thaliana 

Pro197Gln 

CCT-CAG 


AACGCGTTACCTCAACAATCGGAGTCTCTTGAAACGCATCTGTAC 
CAATCATACGACGCTGGACTTGTCCTGTGATTGCTACAAGAGGAA 
CACTATCTAACAACGCATCGGCTAATCCGCT 


4382 




ACAAGTCCAGCGTCGTC 


4383 




TACGACGCTGGACTTGT 


4384 


Sulfonylurea 

Resistance 

ALS 


AGCGGATTAGCCGATGCGTTGTTAGATAGTGTTCCTCTTGTAGCA 
ATCACAGGACAAGTCCAACGTCGTATGATTGGTACAGATGCGTTT 
CAAGAGACTCCGATTGTTGAGGTAACGCGTT 


4385 


Arabidopsis thaliana 

Pro197Gln 

CCT-CAA 


AACGCGTTACCTCAACAATCGGAGTCTCTTGAAACGCATCTGTAC 
CAATCATACGACGTTGGACTTGTCCTGTGATTGCTACAAGAGGAA 
CACTATCTAACAACGCATCGGCTAATCCGCT 


| 4386 




ACAAGTCCAACGTCGTA 


4387 




TACGACGJTGGACTTGT 


4388 


Imidazolinone 

Resistance 

ALS 


GACCTTACCTGTTGGATGTGATTTGTCCGCACCAAGAACATGTGT 

TGCCGATGATCCCGAACGGTGGCACTTTCAACGATGTCATAACGG 

AAGGAGATGGCCGGATTAAATACTGAGAGAT 


4389 


Arabidopsis thaliana 

Ser653Asn 

AGT-AAC 


ATCTCTCAGTATTTAATCCGGCCATCTCCTTCCGTTATGACATCGT 
TGAAAGTGCCACCGTTCGGGATCATCGGCAACACATGTTCTTGGT 
GCGGACAAATCACATCCAACAGGTAAGGTC 


4390 




GATCCCGAACGGTGGCA 


4391 




TGCCACCGJTCGGGATC 


4392 ! 
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Phenotype, Gene, 
Alteration : _ 


.. ..... ■ •• < •:• - . 


SEQID 

lllllll 


Imidazolinone 

Kesisiance 

ALS 


GACCTTACCTGTTGGATGTGATTTGTCCGCACCAAGAACATGTGT 
MGGAGATGGCCGGATTAAATACTGAGAGAT 


4393 


Arabidopsis thaliana 

Ser653Asn 

AGT-AAT 


ATCTCTCAGTATTTAATCCGGCCATCTCCTTCCGTTATGACATCGT 
TGAAAGTGCCACCATTCGGGATCATCGGCAACACATGTTCTTGGT 
GCGGACAAATCACATCCAACAGGTAAGGTC 


4394 




GATCCCGAATGGTGGCA 


4395 




TGCCACCAJTCGGGATC 


4396 


Sulfonylurea ; 

Kesisiance 

ALS 


TCCGCGCTCGCCGACGCGCTGCTCGACTCCGTCCCGATGGTCG 
CTTCCAGGAGACGCCCATAGTCGAGGTCACCCGCT 


4397 


Oryza sativa 

Pro171Ser 

CCC-TCC 


AGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGTG 

CCGATCATGCGGCGGGAGACCTGGCCCGTGATGGCGACCATCG 

GGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGGA 


4398, 




GCCAGGTCJCCCGCCGC 


4399 




GCGGCGGGAGACCTGGC 


4400 


Sulfonylurea 

1 J ami a In n f\ f\ 

Kesisiance 
ALS 


CCGCGCTCGCCGACGCGCTGCTCGACTCCGTCCCGATGGTCGC 
pATPAfRfi^rrARfiTprAAPrirrRrATfiATrRRnAnrRAnRCC 

TTCCAGGAGACGCCCATAGTCGAGGTCACCCGCTC 


4401 


Oryza sativa 

Pro171Gln 

CCC-CAA 


GAGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGT 
GCCGATCATGCGGCGJTGGACCTGGCCCGTGATGGCGACCATCG 
GGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGG 


4402 




CCAGGTCCAACGCCGCA 


4403 




TGCGGCGJJGGACCTGG 


4404 


Sulfonylurea 

Kesistance 

ALS 


CCGCGCTCGCCGACGCGCTGCTCGACTCCGTCCCGATGGTCGC 
PATrAP^r^r^rrA^r^TPPAfjrnrrf^rATnATrfinnAPnftAnRnn 

TTCCAGGAGACGCCCATAGTCGAGGTCACCCGCTC 


4405 


Oryza sativa 

Pro171Gln 

CCC-CAG 


GAGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGT 

GCCGATCATGCGGCGCTGGACCTGGCCCGTGATGGCGACCATC 

GGGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGG 


4406 




CCAGGTCCAGCGCCGCA 


4407 




TGCGGCGCTGGACCTGG 


4408 


Imidazolinone 

Kesisiance 

ALS 


GGCCATACTTGTTGGATATCATCGTCCCGCACCAGGAGCATGTGC 
TRrrTATfiATrrrAAATRRGGGCGCATTCAAGGACATGATCCTGG 
ATGGTGATGGCAGGACTGTGTATTAATCTAT 


4409 


Oryza sativa 

lle627Asn 

ATT-AAT 


ATAGATTAATACACAGTCCTGCCATCACCATCCAGGATCATGTCCT 
TGAATGCGCCCCCATTTGGGATCATAGGCAGCACATGCTCCTGGT 
GCGGGACGATGATATCCAACAAGTATGGCC 


4410 




GATCCCAAATGGGGGCG 


4411 
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■ 


Alteration 


: . 4 ;f ■ ,..;.7, Altering uiigos; 

- ■ ■ ■ > 


: :i : : : :> ; : : ?:V:>>:<;::5 : >: : : : : : : 

mm 

NO: 




CGCCCCCAJTTGGGATC 


4412 


Sulfonylurea 

Resistance 

ALS 


TCCGCGCTCGCCGACGCGCTGCTCGATTCCGTCCCCATGGTCGC 
CATCACGGGACAGGTGTCGCGACGCATGATTGGCACCGACGCCT 
TCCAGGAGACGCCCATCGTCGAGGTCACCCGCT 


4413 


Zea mays 

Pro165Ser 

CCG-TCG 


AGCGGGTGACCTCGACGATGGGCGTCTCCTGGAAGGCGTCGGT 

GCCAATCATGCGTCGCGACACCTGTCCCGTGATGGCGACCATGG 

GGACGGAATCGAGCAGCGCGTCGGCGAGCGCGGA 


4414 




GACAGGTGTCGCGACGC 


4415 




GCGTCGCGACACCTGTC 


4416 


Sulfonylurea 
Resistance 

1 \wwlwU4l Iww 

ALS 


CCGCGCTCGCCGACGCGCTGCTCGATTCCGTCCCCATGGTCGCC 
ATCACGGGACAGGTGCAGCGACGCATGATTGGCACCGACGCCTT 
CCAGGAGACGCCCATCGTCGAGGTCACCCGCTC 


4417 


Zea mays 
Pro165Gln 
CCG-CAG 


GAGCGGGTGACCTCGACGATGGGCGTCTCCTGGAAGGCGTCGG 
TGCCAATCATGCGTCGCIGCACCTGTCCCGTGATGGCGACCATG 
GGGACGGAATCGAGCAGCGCGTCGGCGAGCGCGG 


A A A rt 

4418 




ACAGGTGCAGCGACGCA 


4419 




TGCGTCGCIGCACCTGT 


4420 


Imidazolinone 

Resistance 

ALS 


GGCCGTACCTCTTGGATATAATCGTCCCACACCAGGAGCATGTGT 
TGCCTATGATCCCTAATGGTGGGGCTTTCAAGGATATGATCCTGG 
ATGGTGATGGCAGGACTGTGTACTGATCTAA 


4421 


Zea mays 

Ser621Asn 

AGT-AAT 


TTAGATCAGTACACAGTCCTGCCATCACCATCCAGGATCATATCCT 
TGAAAGCCCCACCATTAGGGATCATAGGCAACACATGCTCCTGGT 
GTGGGACGATTATATCCAAGAGGTACGGCC 


4422 




GATCCCTAATCGTGGGG 


4423 




CCCCACCAJTAGGGATC 


4424 


Imidazolinone 

Resistance 

ALS 


GGCCGTACCTCTTGGATATAATCGTCCCACACCAGGAGCATGTGT 
TGCCTATGATCCCTAACGGTGGGGCTTTCAAGGATATGATCCTGG 

| \^ \aW | / 1 | \mA*f 1 1 %tf \** 1 # »■ » ^tW ^A* 9 ^a4* X^ X^ ^AW IIP ^AW* W 1 X^ ^A** * ■ * * ■ * ■ ■ 

ATGGTGATGGCAGGACTGTGTACTGATCTAA 


4425 


Zea mays 

Ser621Asn 

AGT-AAC 


TTAGATCAGTACACAGTCCTGCCATCACCATCCAGGATCATATCCT 
TGAAAGCCCCACCGTTAGGGATCATAGGCAACACATGCTCCTGGT 
GTGGGACGATTATATCCAAGAGGTACGGCC 


4426 




GATCCCTAACGGTGGGG 


4427 




CCCCACCGTTAGGGATC 


4428 


Sulfonylurea 

Resistance 

ALS 


TCCGCGCTCGCCGACGCCCTCCTCGACTCCATCCCCATGGTGGC 

CATCACGGGGCAGGTCTCGCGCCGCATGATCGGCACGGACGCC 

TTCCAGGAGACGCCCATCGTCGAGGTCACCCGCT 


4429 


Lolium muMorum 

Pro167Ser 

CCG-TCG 


AGCGGGTGACCTCGACGATGGGCGTCTCCTGGAAGGCGTCCGT 
GCCGATCATGCGGCGCGAGACCTGCCCCGTGATGGCCACCATG 
GGGATGGAGTCGAGGAGGGCGTCGGCGAGCGCGGA 


4430 
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: 


; Phenotype, Gene, 


, Altering Oligos j 


: . 
SEQID 

NO; 5 




GGCAGGTCTCGCGCCGC 


4431 




GCGGCGCGAGACCTGCC 


4432 


Sulfonylurea 

Resistance 

ALS 


CCGCGCTCGCCGACGCCCTCCTCGACTCCATCCCCATGGTGGCC 

A TA A A A A AAA A A^TA/> A AAA A A A A ATrt A TT" A ^> ^> A A AAA A AAAAT 

ATCACGGGGCAGGTCCAGCGCCGCATGATCGGCACGGACGCCT 
TCCAGGAGACGCCCATCGTCGAGGTCACCCGCTC 


4433 


Lolium multiflomm 

Pro167Gln 

CCG-CAG 


GAGCGGGTGACCTCGACGATGGGCGTCTCCTGGAAGGCGTCCG 

TGCCGATCATGCGGCGCTGGACCTGCCCCGTGATGGCCACCATG 

GGGATGGAGTCGAGGAGGGCGTCGGCGAGCGCGG 


4434 




GCAGGTCCAGCGCCGCA 


4435 




TGCGGCGCIGGACCTGC 


4436 


Imidazolinone 

Rocicf anno 
lAcblSLdllCc 

ALS 


CTGGGCCATACTTGTTGGATATCATCGTCCCTCACCAGGAGCATG 

TrirTrtPrTATRATf'PPTAAr'RRTfifiTnrTTTr'AARRArATTATrA 
1 Ul> 1 UliV/ 1 A 1 Un 1 UUO 1 AMV»>V3w 1 uu 1 OV-» 1 1 1 \jr\i\0\3n\jt\ 1 ml \jt\ 

TGGAAGGTGATGGCAGGATTTCGTATTAAAC 


4437 


Lolium multiflomm 

Ser623Asn 

AGC-AAC 


f\ I I i A AT* A AAA A A TA ATA A A A TA A A A' 1 " A T/> ATA AT/">TAATTO A 

GTTTAATACGAAATCCTGCCATCACCTTCCATGATAATGTCCTTGA 
AAGCACCACCGTTAGGGATCATAGGCAGCACATGCTCCTGGTGA 
GGGACGATGATATCCAACAAGTATGGCCCAG 


4438 




GATCCCTAACGGTGGTG 


4439 




CACCACCGTTAGGGATC 


4440 


Sulfonylurea 

Resistance 

ALS 


TCCGCGCTCGCCGACGCTCTCCTCGACTCCATCCCCATGGTCGC 

CATCACGGGCCAGGTCTCACGCCGCATGATCGGCACGGACGCGT 

TCCAGGAGACGCCCATAGTGGAGGTCACGCGCT 


4441 


Hordeum vulgare 

Pro68Ser 

CCA-TCA 


AGCGCGTGACCTCCACTATGGGCGTCTCCTGGAACGCGTCCGTG 

CCGATCATGCGGCGTGAGACCTGGCCCGTGATGGCGACCATGG 

GGATGGAGTCGAGGAGAGCGTCGGCGAGCGCGGA 


4442 




GCCAGGTCTCACGCCGC 


4443 




GCGGCGTGAGACCTGGC 


4444 


Sulfonylurea 

Resistance 

ALS 


CCGCGCTCGCCGACGCTCTCCTCGACTCCATCCCCATGGTCGCC 
ATCACGGGCCAGGTCCAACGCCGCATGATCGGCACGGACGCGTT 
CCAGGAGACGCCCATAGTGGAGGTCACGCGCTC 


4445 


Hordeum vulgare 

Pro68Gln 

CCA-CAA 


GAGCGCGTGACCTCCACTATGGGCGTCTCCTGGAACGCGTCCGT 
GCCGATCATGCGGCGTTGGACCTGGCCCGTGATGGCGACCATGG 
GGATGGAGTCGAGGAGAGCGTCGGCGAGCGCGG 


4446 




CCAGGTCCAACGCCGCA 


4447 




TGCGGCGTTGGACCTGG 


4448 



WO 01/92512 



-52- 



PCT/US01/17672 



Phenotype, Gene, 
:i Plant STargeteilS 
Alteration 


/ 1 : ? , , ; , : -i ■ 
■ Altering Oligos . - ■ 


?■.■: '<•'. 

NO: 


Imidazolinone 

Resistance 

ALS 


CCCAGGGCCGTACCTGCTGGATATCATTGTCCCGCATCAGGAGC 

ACGTGCTGCCTATGATCCCAAACGGTGGTGCTTTCAAGGACATGA 

TCATGGAGGGTGATGGCAGGACCTCGTACTGA 


4449 


Hordeum vulgare 

Ser524Asn 

AGC-AAC 


TCAGTACGAGGTCCTGCCATCACCCTCCATGATCATGTCCTTGAA 
AGCACCACCGTTTGGGATCATAGGCAGCACGTGCTCCTGATGCG 
GGACAATGATATCCAGCAGGTACGGCCCTGGG 


4450 




GATCCCAAACGGTGGTG 


4451 




CACCACCGTTTGGGATC 


4452 


Sulfonylurea 

Resistance 

ALS 


AGTGGTCTCGCTGATGCAATGCTCGATAGTATCCCTCTCGTGGCG 
ATCACTGGTCAAGTCTCTCGTCGGATGATCGGTACCGATGCTTTC 
CAGGAAACTCCAATTGTTGAGGTAACAAGGT 


4453 


Gossypium hirsutum 

Pro186Ser 

CCT-TCT 


ACCTTGTTACCTCMCAATTGGAGTTTCCTGGAAAGCATCGGTAC 

CGATCATCCGACGAGAGACTTGACCAGTGATCGCCACGAGAGGG 

ATACTATCGAGCATTGCATCAGCGAGACCACT 


4454 




GTCMGTCICTCGTCGG 


4455 




CCGACGAGAGACTTGAC 


4456 


Sulfonylurea 

Resistance 

ALS 


GTGGTCTCGCTGATGCAATGCTCGATAGTATCCCTCTCGTGGCGA 
TCACTGGTCAAGTCCAACGTCGGATGATCGGTACCGATGCTTTCC 
AGGAAACTCCAAtTGTTGAGGTAACAAGGTC 


4457 


Gossypium hirsutum 

Pro186Gln 

CCT-CAA 


GACCTTGTTACCTCAACAATTGGAGTn"CCTGGAAAGCATCGGTA 
CCGATCATCCGACGTTGGACTTGACCAGTGATCGCCACGAGAGG 
GATACTATCGAGCATTGCATCAGCGAGACCAC 


4458 




TCAAGTCCAACGTCGGA 


4459 




TCCGACGTTGGACTTGA 


4460 


Sulfonylurea 
Rpsistance 

ALS 


GTGGTCTCGCTGATGCAATGCTCGATAGTATCCCTCTCGTGGCGA 
TCACTGGTCAAGTCCAGCGTCGGATGATCGGTACCGATGCTTTCC 
AGGAAACTCCAATTGTTGAGGTAACAAGGTC 


4461 


Gossypium hirsutum 

Pro186Gln 

CCT-CAG 


GACCTTGTTACCTCAACAATTGGAGTTTCCTGGAAAGCATCGGTA 
CCGATCATCCGAGGCTGGACTTGACCAGTGATCGCCACGAGAGG 
GATACTATCGAGCATTGCATCAGCGAGACCAC 


4462 




TCAAGTCCAGCGTCGGA 


4463 




TCCGACGCTGGACTTGA 


4464 


Imidazolinone 

Resistance 

ALS 


GACCTTACTTGTTGGATGTGATTGTCCCACATCAAGAACATGTCCT 
GCCTATGATCCCCAATGGAGGCGCTTTCAAAGATGTGATCACAGA 
GGGTGATGGAAGAACACAATATTGACCTCA 


4465 


Gossypium hirsutum 

Ser642Asn 

AGT-AAT 


TGAGGTCAATATTGTGTTCTTCCATCACCCTCTGTGATCACATCTT 
TGAAAGCGCCTCCATTGGGGATCATAGGCAGGACATGTTCTTGAT 
GTGGGACMTCACATCCAACAAGTAAGGTC 


4466 




GATCCCCAATGGAGGCG 


4467 
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Pheno^pe, Gene, f 
••Alteration 


• ; . [ . l } , 

AlterinoOiiaos 


> 

NO; 




CGCCTCCATJGGGGATC 


4468 


Sulfonylurea 

rvcoloLallv/C 

ALS 


TCTGGTCTTGCTGATGCACTTCTTGACTCAGTCCCTCTTGTCGCC 
ATTACTGGGCAAGTTTCCCGGCGTATGATTGGTACTGATGCTTTTC 

nl 1 #»W 1 w w WW/w»W 1 1 1 UvUUvJUU mi \Ji \ 1 | WW 1 /*W 1 v«*/» l WW l l l l w 

AAGAGACTCCAATTGTTGAGGTAACTCGAT 


4469 


Amdranthus 

retroflexus 

Pro192Ser 


ATCGAGTTACCTCMCMTTGGAGTCTCTTGAAAAbOA 1 OAb 1 AUw 

AATCATACGCCGGGAAACTTGCCCAGTAATGGCGACAAGAGGGA 

CTGAGTCAAGAAGTGCATCAGCAAGACCAGA 




CCC-TCC 


GGCAAGTTTCCCGGCGT 


4471 




ACGCCGGGAAACTTGCC 


4472 


Sulfonylurea 

rACbloldlloc 

ALS 


CTGGTCTTGCTGATGCACTTCTTGACTCAGTCCCTCTTGTCGCCA 
TTAPTGGGrAAGTTrAAnGGrGTATGATTGGTAfyrGATGnTTTTC 

1 1 Aw 1 uUOunAU 1 1 vnnuuUV/u 1 A 1 wA 1 1 VDO 1 Au 1 VJA 1 ww 1 1 1 1 v 

AAGAGACTCCAATTGTTGAGGTAACTCGATC 


4473 


Amaranthus 

retroflexus 

Pro192Gln 


a * t a^n A />TT A /^/%"T"/^ A AAA ATTAA A ATATAT' 1 'O A A A A ATAAi^TAA 

GATCGAGTTACCTCMCMnGGAGTCTCTTGAAAAGCATCAGTAC 
CAATCATACGCCGTTGAACTTGCCCAGTAATGGCGACAAGAGGGA 
CTGAGTCAAGAAGTGCATCAGCAAGACCAG 


AAlA 

4474 


CCC-CAA 


GCMGTTCAACGGCGTA 


4475 




TACGCCG3TGAACTTGC 


4476 


Sulfonylurea 

rxcoloLdHLvC 

ALS 


CTGGTCTTGCTGATGCACTTCTTGACTCAGTCCCTCTTGTCGCCA 
TTACTGGGCMGTTCAGCGGCGTATGATTGGTACTGATGCTTTTC 

1 | r^w 1 www w/w\ w | t vnV3 ww www l #» l W/\ I I w w I #\w i w/ \ i ww i i i i w 

AAGAGACTCCAATTGTTGAGGTAACTCGATC 


4477 


Amaranthus 

retroflexus 

Pro192Gln 


o a Tr*r^ a r*T~r a aata a aaa attaa a /^tpt/^ttp a a a a O/^ATPAOTAP 

GATCGAGTTACCTCMCMTTGGAGTCTCTTGAAAAbOATOAb 1 AO 

CAATCATACGCCGCTGAACTTGCCCAGTAATGGCGACAAGAGGG 

ACTGAGTCAAGAAGTGCATCAGCAAGACCAG 


44/0 


CCC-CAG 


GCAAGTTCAGCGGCGTA 


4479 




TACGCCGCIGAACTTGC 


4480 


Imidazolinone 

lAeSloldllLrC 

ALS 


GACCGTATCTGCTGGATGTAATCGTACCACATCAGGAGCATGTGC 
TGPPTATGATrrrTAArGGTGrrGrrTTnAAGGAnAnCATAACAG 

1 ww 1 A 1 OA 1 www 1 AM www 1 wwwwww 1 1 wAAwwAwAwwA 1 AAWAw 

AGGGTGATGGAAGAAGGGCTTATTAGTTGGT 


4481 


Amara/ifhus 

retroflexus 

Ser652Asn 


ACCAACTAATAAGCCCTTCTTCCATCACCCTCTGTTATGGTGTCCT 
TGAAGGCGGCACCG1TAGGGATCATAGGCAGCACATGCTCCTGA 
TGTGGTACGATTACATCCAGCAGATACGGTC 


A Aft O 

4482 


AGC-AAC 


GATCCCTAACGGTGCCG 


4483 




CGGCACCGTTAGGGATC 


4484 
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Pbenotype,Gene, 


*~ \ ^ ) "i \ 
X 5 " ''; ' \"' : - ' - ; - '* , " ^ i 
, ! "' ' ^ Qfi ' ' - * 


SEQID ; 

1 HO: 


Sulfonylurea 

Resistance 

ALS1 

Nicotiana tabacum 

Pro194Ser 

CCA-TCA 


AGCGGCCTCGCTGACGCGCTACTGGATAGCGTCCCCATTGTTGC 
TATAACAGGTCAAGTGICACGTAGGATGATAGGTACTGATGCI 1 1 1 
CAGGAAACTCCTATTGTTGAGGTAACTAGAT 


4485 


ATCTAGTTACCTCAACAATAGGAGTTTCCTGAAAAGCATCAGTACC 

TATCATCCTACGTGACACTTGACCTG7TATAGCAACAAT6GGGAC 

GCTATCCAGTAGCGCGTCAGCGAGGCCGCT 


4486 


GTCAAGTGICACGTAGG 


4487 


CCTACGTGACACTTGAC 


4488 


Sulfonylurea 
Resistance 
ALS 1 

Nicotiana tabacum 

Pro194Gln 

CCA-CAA 


gcgGcCTcgctgaCgcgctactggatagcgtccccattgttgct 
atmcaggtcmgtgcaacgtaggatgataggtactgatgctttt 

CAGGAAACTCCTATTGTTGAGGTAACTAGATC 


4489 


GATCTAGTTACCTCAACAATAGGAGTTTCCTGAAAAGCATCAGTAC 

CTATCATCCTACGTTGCACTTGACCTGTTATAGCAACAATGGGGA 

CGCTATCCAGTAGCGCGTCAGCGAGGCCGC 


4490 


TCAAGTGCAACGTAGGA 


4491 


TCCTACGTTGCACTTGA 


.4492 


Imidazolinone 
Resistance 
ALS 1 

Nicotiana tabacum 

Ser650Asn 

AGT-AAT 


GGCCATACTTGTTGGATGTGATTGTACCTCATCAGGAACAI G 1 1 1 1 
ACCTATGATTCCCAATGGCGGAGCTTTCAAAGATGTGATCACAGA 
GGGTGACGGGAGAAGTTCCTATTGAGTTTG 


4493 


CAAACTCAATAGGAACTTCTCCCGTCACCCTCTGTGATCACATCTT 

TGAAAGCTCCGCCAITGGGAATCATAGGTAAAACATGTTCCTGAT 

GAGGTACAATCACATCCMCAAGTATGGCC 


4494 


GATTCCCAATGGCGGAG 


4495 


CTCCGCCAJTGGGAATC 


4496 


Sulfonylurea 
Resistance 
ALS 2 

Nicotiana tabacum 

Pro191Ser 

CCA-TCA 


AGTGGCCTCGCGGACGCCCTACTGGATAGCGTCCCCATTGTTGC 

TATAACCGGTCAAGTGICACGTAGGATGATCGGTACTGATGCTTTT 

CAGGAMCTCCGATTGTTGAGGTAACTAGAT 


4497 


ATCTAGTTACCTCAACAATCGGAGTTTCCTGAAAAGCATCAGTACC 
GATCATCCTACGTGACACTTGACCGGTTATAGCAACAATGGGGAC 
GCTATCCAGTAGGGCGTCCGCGAGGCCACT 


4498 


GTCAAGTGICACGTAGG 


4499 


CCTACGTGACACTTGAC 


4500 


Sulfonylurea 
Resistance 
ALS 2 

Nicotiana tabacum 

Pro191Gln 

CCA-CAA 


GTGGCCTCGCGGACGCCCTACTGGATAGCGTCCCCATTGTTGCT 
ATAACCGGTCAAGTGCAACGTAGGATGATCGGTACTGATGCTTTT 
CAGGAAACTCCGATTGTTGAGGTAACTAGATC 


4501 


GATCTAGTTACCTCAACAATCGGAGTTTCCTGAAAAGCATCAGTAC 
CGATCATCCTACGTTGCACTTGACCGGTTATAGCAACAATGGGGA 
CGCTATCCAGTAGGGCGTCCGCGAGGCCAC 


4502 


TCAAGTGCAACGTAGGA 


4503 



WO 01/92512 



-55- 



PCTYUS01/17672 



rtpm & 1 argex^a 




lilliili 




TCCTACGTTCCACTTGA 


4504 


Imidazolinone 
Resistance 
ALS 2 


GGCCATACTTGTTGGATGTGATTGTACCTCATCAGGAACATGTTCT 
ACCTATGATTCCCAATGGCGGGGC 1 1 1 CAAAGATGTGATCACAGA 
GGGTGACGGGAGAAGTTCCTATTGACTTTG 


4505 


Nicotiana tabacum 

Ser647Asn 

AGT-AAT 


CAAAGTCAATAGGAACTTCTCCCGTCACCCTCTGTGATCACATCTT 

TGAAAGCCCCGCCATrGGGAATCATAGGTAGAACATGTTCCTGAT 

GAGGTACAATCACATCCAACAAGTATGGCC 


4506 




GATTCCCAATGGCGGGG 


4507 




CCCCGCCATTGGGAATC 


4508 


Sulfonylurea 

Resistance 

ALS 


AGTGGTCTTGCTGATGCTTTATTAGACAGTGTTCCAATGGTTGCTA 

tt a /VTV^OTO A A A'lTTAA A /">/"* AO A A TO A TTPO A A AAAATAAATTTA A 

TTACTGGTCMGTTTCCAGGAGMTGATTGGMCAGATGCGTTTCA 
AGAAACCCCTATTGTTGAGGTAACACGTT 


4509 


Xanthium spp. 

Pro175Ser 

CCC-TCC 


AACGTGTTACCTCAACAATAGGGGTTTCTTGAAACGCATCTGTTCC 
AATCATTCTCCTGGAAACTTGACCAGTAATAGCAACCATTGGAACA 
CTGTCTAATAAAGCATCAGCMGACCACT 


4510 




GTCMGTTJCCAGGAGA 


4511 




TCTCCTGGAAACTTGAC 


4512 


Sulfonylurea 

Resistance 

ALS 


GTGGTCTTGCTGATGCTTTATtAGACAGTGTTCCAATGGTTGCTAT 

T* A ^\ w W^\^VT'f\ A A S\'1 m AAA A O A A ATT/NA A A /"\ A f\ A T/^AATTTA A 

TACTGGTCMGTTCAAAGGAGAATGATTGGAACAGATGCGTTTCA 
AGAAACCCCTATTGTTGAGGTAACACGTTC 


4513 


Xanthium spp. 

Pro175Gln 

CCC-CAA 


GAACGTGTTACCTCAACAATAGGGGTTTCTTGAAACGCATCTGTTC 

CAATCATTCTCCTrTGAACTTGACCAGTAATAGCAACCATrGGAAC 

ACTGTCTAATAAAGCATCAGCAAGACCAC 


4514 




TCAAGTTCAAAGGAGAA 


4515 




TTCTCCTTTGAACTTGA 


4516 


Sulfonylurea 

Resistance 

ALS 


GTGGTCTTGCTGATGCTTTATTAGACAGTGTTCCAATGGTTGCTAT 

-T- > /\t/^/^TA A A ATTA ■ *% a ^n/^ a A A T"/"\ a TTAA A A ^ A A TAftATTTA A 

TACTGGTCMGTTCAGAGGAGAATGATTGGAACAGATGCGTTTCA 
AGAMCCCCTATTGTTGAGGTAACACGTTC 


4517 


Xanthium spp. 

Pro175Gln 

CCC-CAG 


GAACGTGTTACCTCAACAATAGGGGTTTCTTGAAACGCATCTGTTC 
CAATCATTCTCCTCIGAACTTGACCAGTAATAGCAACCATTGGAAC 
ACTGTCTAATAAAGCATCAGCAAGACCAC 


4518 




TCAAGTTCAGAGGAGAA 


4519 




TTCTCCTCTGAACTTGA 


4520 


Imidazolinone 

Resistance 

ALS 


GGgccttacttgttggatgtgATcgtgcCcCatCaagAacAtgtg 
ttgcccatgatcccgaatggtggaggtttcatggatgtgatcacc 
gaaggcgacggcagaatgaaatattgagctt 


4521 


Xanthium spp. 

Ala631Asn 

GCT-AAT 


AAGCTCAATATTTCATTCTGCCGTCGCCTTCGGTGATCACATCCAT 
GAAACCTCCACCATTCGGGATCATGGGCAACACATGTTCTTGATG 
GGGCACGATCACATCCAACAAGTAAGGCCC 


4522 
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TGATCCCGAATGGTGGA 


4523 


TCCACCATTCGGGATCA 


4524 


Sulfonylurea 

Resistance 

ALS 

Bassia scoparia 

Pro189Ser 

CCG-TCG 


TCCGGGTTTGCTGATGCTTTGCTCGATTCCGTTCCACTGGTGGCG 
ATCACGGGGCAGGTGTCGCGGCGAATGATTGGGACGGATGCTTT 
TCAGGAGACTCCTATTGTTGAGGTAACACGGT 


4525 


ACCGTGTTACCTCAACAATAGGAGTCTCCTGAAAAGCATCCGTCC 
CAATCATTCGCCGCGACACCTGCCCCGTGATCGCCACCAGTGGA 
ACGGAATCGAGCAAAGCATCAGCAAACCCGGA 


4526 


GGCAGGTGTCGCGGCGA 


4527 


TCGCCGCGACACCTGCC 


4528 i 


Sulfonylurea 

Resistance 

ALS 

Bassia scoparia 

Pro189Gln 

CCG-CAG 


CCGGG 1 1 IGCIGAIGCI 1 1 UCTCGATTCCGTTCCACTGGTGGCGA 
TCACGGGGCAGGTGCAGCGGCGAATGATTGGGACGGATGCTTTT 
CAGGAGACTCCTATTGTTGAGGTAACACGGTC 


4529 


GACCGTGTTACCTCAACAATAGGAGTCTCCTGAAAAGCATCCGTC 
CCAATCATTCGCCGCIGCACCTGCCCCGTGATCGCCACCAGTGG 
AACGGAATCGAGCAAAGCATCAGCAAACCCGG 


4530 


GCAGGTGCAGCGGCGAA 


4531 


TTCGCCGCIGCACCTGC 


4532 


Imidazolinone 

Resistance 

ALS 

Bassia scoparia 

Ser649Asn 

AGT-AAT 


GACCTTACCTGCTTGATGTGATTGTACCTCATCAGGAGCATGTGC 

TGCCTATGATTCCTAATGGTGCAGCCTTCMGGATATCATTAACGA 

AGGTGATGGAAGAACAAGTTATTGATGTTC 


4533 


GAACATCAATAACTTGTTCTTCCATCACCTTCGTTAATGATATCCTT 
GAAGGCTGCACCAJTAGGAATCATAGGCAGCACATGCTCCTGATG 
AGGTACAATCACATCAAGCAGGTAAGGTC 


4534 


GATTCCTAATGGTGCAG 


4535 


CTGCACCAJJAGGAATC 


4536 


Sulfonylurea 

Resistance 

ALS1 

Brassica napus 

Pro182Ser 

CCT-TCT 


AGCGGGTTAGCAGACGCGATGCTTGACAGTGTTCCTCTTGTCGC 

CATTACAGGACAGGTCICTCGCCGGATGATCGGTACTGACGCCTT 

CCMGAGACACCAATCGTTGAGGTAACGAGGT 


4537 


ACCTCGTTACCTCAACGATTGGTGTCTCTTGGAAGGCGTCAGTAC 
CGATCATCCGGCGAGAGACCTGTCCTGTAATGGCGACAAGAGGA 
ACACTGTCAAGCATCGCGTCTGCTAACCCGCT 


4538 


GACAGGTCTCTCGCCGG 


4539 


CCGGCGAGAGACCTGTC 


4540 
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SEQID 

MO: 


Sulfonylurea 

Resistance 

ALS1 


GCGGGTTAGCAGACGCGATGCTTGACAGTGTTCCTCTTGTCGCC 
ATTACAGGACAGGTCCAACGCCGGATGATCGGTACTGACGCCTT 
CCAAGAGACACCAATCGTTGAGGTAACGAGGTC 


4541 


Brassica napus 

Pro182Gln 

CCT-CAA 


GACCTCGTTACCTCAACGATTGGTGTCTCTTGGAAGGCGTCAGTA 
CCGATCATCCGGCGTTGGACCTGTCCTGTAATGGCGACAAGAGG 
AACACTGTCAAGCATCGCGTCTGCTAACCCGC 


4542 




ACAGGTCCAACGCCGGA 


4543 




TCCGGCGTTGGACCTGT 


4544 


Sulfonylurea 
Resistance 
ALS 1 


GCGGGTTAGCAGACGCGATGCTTGACAGTGTTCCTCTTGTCGCC 
ATTACAGGACAGGTCCAGCGCCGGATGATCGGTACTGACGCCTT 
CCAAGAGACACCAATCGTTGAGGTAACGAGGTC 


4545 


Brassica napus 

Pro182Gln 

CCT-CAG 


GACCTCGTTACCTCAACGATTGGTGTCTCTTGGAAGGCGTCAGTA 
CCGATCATCCGGCGCTGGACCTGTCCTGTAATGGCGACAAGAGG 
AACACTGTCAAGCATCGCGTCTGCTAACCCGC 


4546 




ACAGGTCCAGCGCCGGA 


4547 




TCCGGCGCTGGACCTGT 


4548 


Imidazolinone 
Resistance 
ALS 1 


GACCATACCTGTTGGATGTGATATGTCCGCACCAAGAACATGTGT 

TACCGATGATCCCAAATGGTGGCACTTTCAAAGATGTAATAACAGA 

AGGGGATGGTCGCACTAAGTACTGAGAGAT 


4549 


Brassica napus 

Ser638Asn 

AGT-AAT 


ATCTCTCAGTACTTAGTGCGACCATCCCCTTCTGTTATTACATCTT 
TGAAAGTGCCACCAJTTGGGATCATCGGTAACACATGTTCTTGGT 
GCGGACATATCACATCCAACAGGTATGGTC 


4550 




GATCCCAAATGGTGGCA 


4551 




TGCCACCAJTTGGGATC 


4552 


Sulfonylurea 
Resistance 
ALS 2 


caGcgggTtAgcagacgcgatgcttgacagtgttcctcttgtcg 
ccattacaggacaggttcctcgccggatgatcggtactgacgcc 
ttccaagagacaccaatcgttgaggtaacgagg 


4553 


Brassica napus 

Pro126Ser 

CCC-TCC 


CCTCGTTACCTCAACGATTGGTGTCTCTTGGAAGGCGTCAGTACC 
GATCATCCGGCGAGGAACCTGTCCTGTAATGGCGACAAGAGGAA 
CACTGTCAAGCATCGCGTCTGCTAACCCGCTG 


4554 




GGACAGGTJCCTCGCCG 


4555 




CGGCGAGGAACCTGTCC 


4556 


Sulfonylurea 
Resistance 
ALS 2 


agcgggttagcagAcgcgatgcttgacagtgttcctcttgtcgc 
cattacaggacaggtcactcgccggatgatcggtactgacgcct 
tccaagagacaccaatcgttgaggtaacgaggt 


4557 


Brassica napus 

Pro126Gln 

CCC-CAG 


ACCTCGTTACCTCAACGATTGGTGTCTCTTGGAAGGCGTCAGTAC 
CGATCATCCGGCGAGTGACCTGTCCTGTAATGGCGACAAGAGGA 
ACACTGTCAAGCATCGCGTCTGCTAACCCGCT 


4558 




GACAGGTCACTCGCCGG 


4559 
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CCGGCGAGTCACCTGTC 


4560 


Imidazolinone 

Resistance 

ALS2 


GACCATACCTGTTGGATGTGATATGTCCGCACCAAGAACATGTGT 

TACCGATGATCCCAAATGGTGGCACTTTCAAAGATGTAATAACAGA 

AGGGGATGGTCGCACTAAGTACTGAGAGAT 


4561 


Brassica napus 

Ser582Asn 

AGT-AAT 


ATCTCTCAGTACTTAGTGCGACCATCCCCTTCTGTTATTACATCTT 
TGAAAGTGCCACCATTTGGGATCATCGGTAACACATGTTCTTGGT 
GCGGACATATCACATCCAACAGGTATGGTC 


4562 ' 




GATCCCAAATGGTGGCA 


4563 




TGCCACCATTTGGGATC 


4564 


Sulfonylurea 

Resistance 

ALS3 


AGCGGGTTAGCCGACGCGATGCTTGACAGTGTTCCTCTCGTCGC 
CATCACAGGACAGGTCTCTCGCCGGATGATCGGTACTGACGCGT 
TCCAAGAGACGCCAATCGTTGAGGTAACGAGGT 


4565 


Brassica napus 

Pro179Ser 

CCT-TCT 


ACCTCGTTACCTCAACGATTGGCGTCTCTTGGAACGCGTCAGTAC 
CGATCATCCGGCGAGAGACCTGTCCTGTGATGGCGACGAGAGGA 
ACACTGTCAAGCATCGCGTCGGCTAACCCGCT 


4566 




GACAGGTCTCTCGCCGG 


4567 




CCGGCGAGAGACCTGTC 


4568 


Sulfonylurea 

Resistance 

ALS3 


GCGGGTTAGCCGACGCGATGCTTGACAGTGTTCCTCTCGTCGCC 
ATCACAGGACAGGTCCAACGCCGGATGATCGGTACTGACGC'GTT 
CCAAGAGACGCCAATCGTTGAGGTAACGAGGTC 


4569 


Brassica napus 

Pro179Gln 

CCT-CAA 


GACCTCGTTACCTCAACGATTGGCGTCTCTTGGAACGCGTCAGTA 
CCGATCATCCGGCGTTGGACCTGTCCTGTGATGGCGACGAGAGG 
AACACTGTCAAGCATCGCGTCGGCTAACCCGC 


4570 




ACAGGTCCAACGCCGGA 


4571 




TCCGGCGTTGGACCTGT 


4572 


Sulfonylurea 

Resistance 

ALS3 


GCGGGTTAGCCGACGCGATGCTTGACAGTGTTCCTCTCGTCGCC 
ATCACAGGACAGGTCCAGCGCCGGATGATCGGTACTGACGCGTT 
CCAAGAGACGCCAATCGTTGAGGTAACGAGGTC 


4573 


Brassica napus 

Pro179Gln 

CCT-CAG 


GACCTCGTTACCTCAACGATTGGCGTCTCTTGGAACGCGTCAGTA 
CCGATCATCCGGCGCTGGACCTGTCCTGTGATGGCGACGAGAGG 
AACACTGTCAAGCATCGCGTCGGCTAACCCGC 


4574 




ACAGGTCCAGCGCCGGA 


4575 




TCCGGCGCIGGACCTGT 


4576 


Imidazolinone 

Resistance 

ALS3 


GACCGTACCTGTTGGATGTCATCTGTCCGCACCAAGAACATGTGI 
TACCGATGATCCCAAATGGTGGCACTTTCAAAGATGTAATAACCG 
AAGGGGATGGTCGCACTAAGTACTGAGAGAT 


4577 


Brassica napus 

Ser635Asn 

AGT-AAT 


ATCTCTCAGTACTTAGTGCGACCATCCCCTTCGGTTATTACATCTT 
TGAAAGTGCCACCATTTGGGATCATCGGTAACACATGTTCTTGGT 
GCGGACAGATGACATCCAACAGGTACGGTC 


4578 
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GATCCCAAATGGTGGCA 


4579 




TGCCACCAJJTGGGATC 


4580 


Sulfonylurea 

Resistance 

ALS 


TCCGCGCTCGCCGACGCGCTGCTCGACTCCGTCCCGATGGTCG 
CCATCACGGGCCAGGTCTCCCGCCGCATGATCGGCACCGACGC 
CTTCCAGGAGACGCCCATAGTCGAGGTCACCCGCT 


4581 


Oryza sativa 

Pro171Ser 

CCC-TCC 

WWW 1 WW 


AGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGTG 

CCGATCATGCGGCGGGAGACCTGGCCCGTGATGGCGACCATCG 

GGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGGA 


4582 




GCCAGGTCICCCGCCGC 


4583 




GCGGCGGGAGACCTGGC 


4584 


Sulfonylurea 

Resistance 

ALS 


CCGCGCTCGCCGACGCGCTGCTCGACTCCGTCCCGATGGTCGC 
CATCACGGGCCAGGTCCAACGCCGCATGATCGGCACCGACGCC 
TTCCAGGAGACGCCCATAGTCGAGGTCACCCGCTC 

1 1 XX \-// \\t^\^i \X^/ \Xx X*^ X** XX^ XX* % 1 / * w 1 XX Xx* 1X^ XX | XX * tXX XX XX XX XX J xx 


4585 


Oryza sativa 

Pro171Gln 

CCC-CAA 

www wnn 


GAGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGT 
GCCGATCATGCGGCGJTGGACCTGGCCCGTGATGGCGACCATCG 
RRACGGAGTCGAGCAGCGCGTCGGCGAGCGCGG 

UUnvVjVjnw 1 VUnUvnUvVJuvj 1 WwwwwTiwWwWWW 


4586 




CCAGGTCCAACGCCGCA 


4587 




TGCGGCGJTGGACCTGG 


4588 


Sulfonylurea 

Resistance 

ALS 


CCGCGCTCGCCGACGCGCTGCTCGACTCCGTCCCGATGGTCGC 
CATCACGGGCCAGGTCCAGCGCCGCATGATCGGCACCGACGCC 
TTCCAGGAGACGCCCATAGTCGAGGTCACCCGCTC 

I i xx XX* \X^ X»*** IW# * XX X^ XX 7 XX Xx* » i 9 iw I xx ^x# »>/ ^X ■ w# » 


4589 


Oryza sativa 

Pro171Gln 

CCC-CAG 

WWW W/»w 


GAGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGT 

GCCGATCATGCGGCGCTGGACCTGGCCCGTGATGGCGACCATC 

GGGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGG 

UUvnOUvnvj I vUnvvnU W WWW 1 wwwww/»wwwww\— » 


4590 




CCAGGTCCAGCGCCGCA 


4591 




TGCGGCGCTGGACCTGG 


4592 


Imidazolinone 

Resistance 

ALS 


GGCCATACTTGTTGGATATCATCGTCCCGCACCAGGAGCATGTGC 
TGCCTATGATCCCAAATGGGGGCGCATTCAAGGACATGATCCTGG 
ATGGTGATGGCAGGACTGTGTATTAATCTAT 


4593 


Oryza sativa 

Ser627Asn 

AGT-AAT 


ATAGATTAATACACAGTCCTGCCATCACCATCCAGGATCATGTCCT 
TGAATGCGCCCCCATTTGGGATCATAGGCAGCACATGCTCCTGGT 
GCGGGACGATGATATCCAACAAGTATGGCC 


4594 




GATCCCAAATGGGGGCG 


4595 




CGCCCCCATTTGGGATC 


4596 
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Sulfonylurea 

Resistance 

ALS 


TCTGCGCTCGCAGACGCGTTGCTCGACTCCGTCCCCATGGTCGC 
CATCACGGGACAGGTGTCGCGACGCATGATTGGCACCGACGCCT 
TTCAGGAGACGCCCATCGTCGAGGTCACCCGCT 


4597 


Zea mays 

Pro165Ser 

CCG-TCG 


AGCGGGTGACCTCGACGATGGGCGTCTCCTGAAAGGCGTCGGTG 
CCAATCATGCGTCGCGACACCTGTCCCGTGATGGCGACCATGGG 
GACGGAGTCGAGCAACGCGTCTGCGAGCGCAGA 


4598 




GACAGGTGICGCGACGC 


4599 




GCGTCGCGACACCTGTC 


4600 


Sulfonylurea 

Resistance 

ALS 


CTGCGCTCGCAGACGCGTTGCTCGACTCCGTCCCCATGGTCGCC 
ATCACGGGACAGGTGCAGCGACGCATGATTGGCACCGACGCCTT 
TCAGGAGACGCCCATCGTCGAGGTCACCCGCTC 


4601 


Zea mays 
Pro165Gln 
CCG-CAG 


GAGCGGGTGACCTCGACGATGGGCGTCTCCTGAAAGGCGTCGGT 

GCCAATCATGCGTCGCIGCACCTGTCCCGTGATGGCGACCATGG 

GGACGGAGTCGAGCAACGCGTCTGCGAGCGCAG 


4602 




ACAGGTGCAGCGACGCA 


4603 




TGCGTCGCIGCACCTGT 


4604 


Imidazolinone 

Resistance 

ALS 


GGCCGTACCTCTTGGATATAATCGTCCCGCACCAGGAGCATGTGT 
TGCCTATGATCCCTAATGGTGGGGCTTTCAAGGATATGATCCTGG 
ATGGTGATGGCAGGACTGTGTATTGATCCGT 


4605 


Zea mays 

Ser621Asn 

AGT-AAT 


ACGGATCAATACACAGTCCTGCCATCACCATCCAGGATCATATCC 
TTGAAAGCCCCACCATTAGGGATCATAGGCAACACATGCTCCTGG 
TfinfiGGACGATTATATCCAAGAGGTACGGCC 


4606 




GATCCCTAATGGTGGGG 


4607 




CCCCACCATTAGGGATC 


4608 


Sulfonylurea 

Resistance 

ALS 


AGTGGTCTCGCTGATGCAATGCTCGATAGTATCCCTCTCGTGGCG 
ATCACTGGTCAAGTCICTCGTCGGATGATCGGTACCGATGCTTTC 
CAGGAAACTCCAATTGTTGAGGTAACAAGGT 


4609 


Gossypium hirsutum 
Pro186Ser 

CCT-TPT 


ACCTTGTTACCTCAACAATTGGAGTTTCCTGGAAAGCATCGGTAC 

CGATCATCCGACGAGAGACTTGACCAGTGATCGCCACGAGAGGG 

ATArTATCfiAfirATTRrATCAGCGAGAGCArT 


4610 




GTCAAGTCTCTCGTCGG 


4611 




CCGACGAGAGAC7TGAC 


4612 


Sulfonylurea 

Resistance 

ALS 


GTGGTCTCGCTGATGCAATGCTCGATAGTATCCCTCTCGTGGCGA 
TCACTGGTCAAGTCCAACGTCGGATGATCGGTACCGATGCTTTCC 
AGGAAACTCCAATTGTTGAGGTAACAAGGTC 


4613 


Gossypium hirsutum 

Pro186Gln 

CCT-CAA 


GACCTTG7TACCTCAACAATTGGAGTTTCCTGGAAAGCATCGGTA 
CCGATCATCCGACGTTGGACTTGACCAGTGATCGCCACGAGAGG 
GATACTATCGAGCATTGCATCAGCGAGACCAC 


4614 




TCAAGTCCAACGTCGGA 


4615 
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TCCGACGnGGACTTGA 


4616 


Sulfonylurea 

Resistance 

ALS 


GTGGTCTCGCTGATGCAATGCTCGATAGTATCCCTCTCGTGGCGA 
TCACTGGTCMGTCCAGCGTCGGATGATCGGTACCGATGCTTTCC 
AGGAAACTCCMTTGTTGAGGTAACAAGGTC 


4617 


Gossypium hirsutum 

Pro186Gln 

CCT-CAG 


GACC7TGTTACCTCAACAATTGGAGTTTCCTGGAAAGCATCGGTA 
CCGATCATCCGACGCTGGACTTGACCAGTGATCGCCACGAGAGG 
GATACTATCGAGCATTGCATCAGCGAGACCAC 


4618 




TCAAGTCCAGCGTCGGA 


4619 




TCCGACGCTGGACTTGA 


4620 


Imidazolinone 

Resistance 

ALS 


GACCTTACTTGTTGGATGTGATTGTCCCACATCAAGAACATGTCCT 
GCCTATGATCCCCAATGGAGGGGCTTTCAAAGATGTGATCACAGA 
GGGTGATGGAAGAACACAATATTGACCTCA 


4621 


Gossypium hirsutum 

Ser642Asn 

AGT-AAT 


TGAGGTCMTATTGTGTTCTTCCATCACCCTCTGTGATCACATCTT 
TGAAAGCCCCTCCATTGGGGATCATAGGCAGGACATGTTCTTGAT 
GTGGGACAATCACATCCAACAAGTAAGGTC 


4622 




GATCCCCAATGGAGGGG 


4623 




CCCCTCCAIJGGGGATC 


4624 


Sulfonylurea 

Resistance 

ALS 


TCTGGTCTTGCTGATGCACTTCTTGACTCAGTCCCTCTTGTCGCC 

ATTACTGGGCAAGTTTCCCGGCGTATGATTGGTACTGATGCTTTTC 

AAGAGACTCCAATTGTTGAGGTAACTCGAT 


4625 


Amaranthus powellii 

Pro192Ser 

CCC-TCC 


ATCGAGTTACCTCAACAATTGGAGTCTCTTGAAAAGCATCAGTACC 

AATCATACGCCGGGAAACTTGCCCAGTAATGGCGACAAGAGGGA 

CTGAGTCAAGAAGTGCATCAGCAAGACCAGA 


4626 




GGCAAGT7TCCCGGCGT 


4627 




ACGCCGGGAAACTTGCC 


4628 


Sulfonylurea 

Resistance 

ALS 


cTggtcttgctgatgcacttcttgactcagtccctcttgtcgcca 
ttactgggcaagttcaacggcgtatgattggtactgatgcttttc 
aagagactccaattgttgaggtaactcgatc 


4629 


Amaranthus powellii 

Pro192Gln 

CCC-CAA 


gatcgagttacctcaacaattggagtctcttgaaaagcatcagtac 
caatcatacgccgiigaacttgcccagtaatggcgacaagaggga 

CTGAGTCAAGAAGTGCATCAGCAAGACCAG 


4630 




GCAAGTTCAACGGCGTA 


4631 




TACGCCGTTGAACTTGC 


4632 


Sulfonylurea 

Resistance 

ALS 


CTGGTCTTGCTGATGCACTTCTTGACTCAGTCCCTCTTGTCGCCA 
TTACTGGGCAAGTTCAGCGGCGTATGATTGGTACTGATGCTnTC 
AAGAGACTCCAATTGTTGAGGTMCTCGATC 


4633 


Amaranthus powellii 

Pro192Gln 

CCC-CAG 


GATCGAGTTACCTCAACAATTGGAGTCTCTTGAAAAGCATCAGTAC 

CAATCATACGCCGCTGAACTTGCCCAGTAATGGCGACAAGAGGG 

ACTGAGTCAAGAAGTGCATCAGCAAGACCAG 


4634 
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Phenotype.Gene. 

||p;|p|||i 


■ 

.: 


■ill 
mmmm 

mm 
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1 Altering Oligos 


IHli 




1 llllill 
$H 




GCAAGTTCAGCGGCGTA 


4635 


TACGCCGCTGAACTTGC 


4636 


Imidazolinone 

Resistance 

ALS 

Amaranthus powellii 

Ser652Asn 

AGC-AAC 


GACCGTATCTGCTGGATGTAATCGTACCACATCAGGAGCATGTGC 
TGCCTATGATCCCTAACGGTGCCGCCTTCAAGGACACCATAACAG 
AGGGTGATGGAAGAAGGGCTTATTAGTTGGT 


4637 


ACCAACTAATAAGCCCTTCTTCCATCACCCTCTGTTATGGTGTCCT 
TGMGGCGGCACCGTTAGGGATCATAGGCAGCACATGCTCCTGA 
TGTGGTACGATTACATCCAGCAGATACGGTC 


4638 


GATCCCTAACGGTGCCG 


4639 


CGGCACCGTTAGGGATC 


4640 
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Table 12 

Genome-Altering Oliaos Conferring Porohvric Herbicide Resistance 



Phenotype, Gene, 


L/ ; ,l'P. '\ ! AfteringOKgosi U 'u< ' " 


I ■ 

Mm 

: HQ* 


Porphyric Herbicide 

Resistant 

PPO 

Arabidopsis thaliana 

Val365Met 

GTT-ATG 


TCTTGCGCCCTCTTTCTGAATCTGCTGCAAATGCACTCTCAAAACT 

ATATTACCCACCAATGGCAGCAGTATCTATCTCGTACCCGAAAGA 

AGCAATCCGAACAGAATGTTTGATAGATGG 


4641 


CCATCTATCAMCAnCTGTTCGGATTGCTTCTTTCGGGTACGAGA 
TAGATACTGCTGCCAnGGTGGGTMTATAGTTTTGAGAGTGCATT 
TGCAGCAGATTCAGAAAGAGGGCGCAAGA 


4642 


CCCACCAATGGCAGCAG 


4643 


CTGCTGCCATTGGTGGG 


4644 


Porphyric Herbicide 

Resistant 

PPO 

Nicotiana tabacum 

Val376Met 

GTT-ATG 


TATTACGTCCTCTTTCGGTTGCCGCAGCAGATGCACTTTCAAATTT 
CTACTATCCCCCAATGGGAGCAGTCACAATTTCATATCCTCAAGAA 
GCTATTCGTGATGAGCGTCTGGTTGATGG 


4645 


CCATCAACCAGACGCTCATCACGMTAGCTTCTTGAGGATATGAA 
ATTGTGACTGCTCCCATTGGGGGATAGTAGAAATTTGAAAGTGCA 
TCTGCTGCGGCAACCGAAAGAGGACGTAATA 


4646 


TCCCCCAATGGGAGCAG 


4647 




4648 


Porphyric Herbicide 

Resistant 

PPO 

Cichorium intybus 

Val383Met 

GTT-ATG 


TGTTGCGTCCGCTTTCGTTGGGTGCAGCAGATGCATTGTCAAAAT 
TTTATTATCCTCCGATGGCAGCTGTATCAATTTCATATCCAAAAGA 
CGCAATTCGTGCTGACCGGCTGATTGATGG 


4649 


CCATCAATCAGCCGGTCAGCACGAATTGCGTCTTTTGGATATGAA 
ATTGATACAGCTGCCAICGGAGGATAATAAAAI 1 1 1 GACAATGCAT 
CTGCTGCACCCAACGAAAGCGGACGCAACA 


4650 


TCCTCCGATGGCAGCTG 


4651 


CAGCTGCCATCGGAGGA 


4652 


Porphyric Herbicide 

Resistant 

PPO 

Spinacia oleracea 

Val390Met 

GTT-ATG 


TCCTTCGTCCACTTTCAGATGTCGCCGCAGAATCTCTTTCAAAATT 
TCATTATCCACCAATGGCAGCTGTGTCACTTTCCTATCCTAAAGAA 
GCAATTAGATCAGAGTGCTTGATTGACGG 


4653 


CCGTCAATCAAGCACTCTGATCTAATTGCTTCTTTAGGATAGGAAA 
GTGACACAGCTGCCAnGGTGGATMTGAAATTTTGAAAGAGATTC 
TGCGGCGACATCTGAAAGTGGACGAAGGA 


4654 


TCCACCAATGGCAGCTG 


4655 


CAGCTGCCATTGGTGGA 


4656 
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Alteration 


^x*vX:: : x;X : x^^^^ 

< v ^ ' ' ' , • '«■ ^ ^ 5, - - i 

^Xvxx-w:^^ x-x-x >:>;: ; X;:;X : x : :^ 

% :•:<•: vX-:-x-xx xx-x.x-xxvx-ivx-xvxx . 

L ^ >. Altering Oiigos : ' - 7 V 

' . :. ' . . ., V. . : U 


- 

SEQJD 
NO: 


Porphyric Herbicide 

Resistant 

PPO 


1 1 1 1 GOG 1 CCACTTTCAAGCGATGCTGCAGATGCTCTATCAAGATT 
CTATTATCCACCGATGGCTGCTGTAACTGTTTCGTATCCAAAGGAA 
GCAATTAGAAAAGAATGCTTAATTGATGG 


4657 


Zea mays 

Val363Met 

GTT-ATG 


CCAICAAI IAAGCAI ICI 1 1 1 C 1 AAITGCTTCCTTTGGATACGAAAC 

AGTTACAGCAGCCAICGGTGGATAATAGAATCTTGATAGAGCATC 

TGCAGCATCGCTTGAAAGTGGACGCAAAA 


4658 




TCCACCGATGGCTGCTG 


4659 




CAGCAGCCAJCGGTGGA 


4660 


Porphyric Herbicide 

Resistant 

PPO 


TcttgCGgCcactttcaagtgatgcagcagatgctctgtcaatatt 
ctattatccaccaatggctgctgtaactgtttcatatccaaaagaa 

GCAATTAGAAAAGAATGCTTAATTGACGG 


4661 


Oryza sativa 

Val364Met 

GTT-ATG 


CCGTCMnMGCAnCTTTTCTMnGCTTCTTTTGGATATGAAAC 
AGTTACAGCAGCCATrGGTGGATAATAGAATATTGACAGAGCATCT 
GCTGCATCACTTGAAAGTGGCCGCAAGA 


4662 




TCCACCAATGGCTGCTG 


4663 




CAGCAGCCATTGGTGGA 


4664 


Porphyric Herbicide 

Resistant 

PPO 


CTGGTCAAGGAGCAGGCGCCCGCCGCCGCCGAGGCCCTGGGCT 

GO 1 1 LoAG 1 AGGGoLubA 1 bbbGbUbb 1 bAGbo 1 b 1 Ob 1 AbObb 

CTGAGCGCCGTGCGGGAGGAGCGCAAGGCCTCGG 


4665 


Chlamydomonas 

reinhardtii 

Val389Met 


CCGAGGCCTTGCGCTCCTCCCGCACGGCGCTCAGCGGGTACGA 
CAGCGTCACGGCGCCCATCGGCGGGTAGTCGAAGGAGCCCAGG 
GCCTCGGCGGCGGCGGGCGCCTGCTCCTTGACCAG 


4666 


GTG-ATG 


ACCCGCCGATGGGCGCC 


4667 




GGCGCCCATCGGCGGGT 


4668 



20 Table 13 

Genome-Altering OJjgps Conferring Triazine Resistance 



I|h|ni|iili|n|i;:l 
llllanti&f arg'eted^ : : 
Alteration 


V :,,, >; s :x":;:;: 

fill 
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\ ...1 


SEQ1D 


Triazine Resistant 
D1 Protein 
Arabidopsis thaliana 
Ser264Thr 
AGT-ACT 


AMCTTACMCATTGTAGCTGCTCACGGTTATTTTGGCCGATTGAT 
mCCMTATGCTACmCMCMTTCTCGnCTTTACATTTCTTCTT 
AGCGGCTTGGCCGGTAGTAGGTATTTG 


4669 


CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 
CGAGAATTGTTGAAAGTAGCATATTGGAAAATCAATCGGCCAAAAT 
MCCGTGAGCAGCTACAATGTTGTAAGTTT 


4670 
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Altering Oligos ? 


: 

lis 

i HO; 

iiliiiili 




ATATGCTACTTTCAACA 


4671 




TGTTGAAAGTAGCATAT 


4672 


Triazine Resistant 
D1 Protein 
Nicotians tsbdcuw 


AAACTTATAACATCGTAGCCGC TCATGG I IAI 1 1 1 GGCCGATTGAT 
CTTCCAATATGCTAC 1 1 1 CAACAACTCTCGTTCGTTACACTTCTTCC 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4673 


Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATGTTATAAGTTT 


4674 




ATATGCTACTTTCAACA 


4675 




TGTTGAAAGTAGCATAT 


4676 


Triazine Resistant 
D1 Protein 


AAACTTATAATATCGTAGCCGC 1 CA 1 GG 1 IAI 1 1 IGGCCGAI IGAI 

ATTrtO A A T A T/>^VT* A ATTTT A A /*> A A AT/>TAAAT/>T IT A O A TTTOTTOT 

CTTCCAATATGCTAC 1 1 1 IMCMCTCTCGCTCTTTACATTTCTTCT 


4677 


ropuius ueiioiues 


TAriPT^PTTftftPPTftTAftTAnftTATPTft 




Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAAGAAGAAATGTAAAGAG 

CGAGAGTTGTTAAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 

AACCATGAGCGGCTACGATATTATAAGTTT 


4678 




AIAIGCIACI 1 1 IAACA 


4679 




TGTTAAAAGTAGCATAT 


4680 


Triazine Resistant 
D1 Protein 
Petunid x hvbrida 


AAACTTATAATATCGTAGCCGCTCATGGTTA 1 1 1 1 GGCCGATTGAT 

ATT/^r\ A A T A TAAT A rtTTr A AO A A AT/>T AO' 1 T A A 1 I" A O A /"> 1 r^TT^O 

CTTCCMTATGCTACTTTCMCMCTCTCGTTCGTTACACTTOTTCO 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4681 


Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATATTATAAGTTT 


4682 




ATATGCTACTTTCAACA 


4683 




TGTTGAAAGTAGCATAT 


4684 


Triazine Resistant 
D1 Protein 


AMCTTATAATATCGTAGCTGC ICAI GG 1 IAI 1 1 1 GGCCGATTGAT 

/"V 1 1 A ATA TAOT A ATTTA A A O A A 1 I'/^TAAI I'AITTAAA 1 1 " I'/^T'I A^ 

CTTCCMTATGCTACJTTCMCMTTCTCGTTClTTACATTrCTTLC 


4685 


Maonolia ovramiddts 


TAGCTGCTTGGCCTGTAGTAGGTATCTG 

1 / 1 VtfT 1 ■ ■ \f 1 %^ 1 # 1 # I'll ■ %^ 




Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAA 
CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 
AAnnATGAGCAGCTACGATATTATAAGTTT 


4686 




ATATGCTACTTTCAACA 


4687 




TGTTGAAAGTAGCATAT 


4688 


Triazine Resistant 
D1 Protein 
Medicago sativa 


AAACCTATAATATTGTAGCAGCTCATGGTTAT 1 ITGGCCGAI IGAI 

ATTAA A AT A T/>AT A ATTTA » a aa i ATATAATTATTT A A A TTT^TT A A 

CTTCCMTATGCTACTTTCMCMCTCTCGTTCTTTACAITTCTTCC 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4689 


Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAA. 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCTGCTACAATATTATAGGTTT 


4690 




ATATGCTACTTTCAACA 


4691 
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Phenotype,Giene; j 
Plants Targeted 
Alteration; 


,t v . ;., - ~ Altering Qligos , 

; \ < \:* - . t . ~; ^ - ^ y - \ 


SEGiD 

-NOP;?' 

< 




TGTTGAAAGTAGCATAT 


4692 


Triazine Resistant 
D1 Protein 
biycind max 


AMCCTATMTATTGTAGCTGCTCATGG'I IA1 1 1 IGGCCGA! IGAI 
CTTCCMTATGCMCTTTCMCMTTCTCGnCTTTACATTTCTTCT 

I Abu I bO 1 1 bbL»U 1 b 1 Ab 1 Abb 1 A 1 1 lb 


4693 


Ser264Thr 
AGT-ACT 


CAAATACCTACTACAGGCCAAGCAGCTAAGAAGAAATGTAAAGAA 
CGAGAATTGTTGAAAGTTGCATATTGGAAGATCAATCGGCCAAAAT 
AACCATGAGCAGCTACAATATTATAGG 1 1 1 


4694 




ATATGCAACTTTCAACA 


4695 




TGTTGAAAGTTGCATAT 


4696 


Triazine Resistant 
D1 Protein 
Brassica napus 


AAACTTACAACATTGTAGCTGCTCACGG 1 1 AT 1 1 IGGCCGAI IGAI 
CTTCCMTATGCTA^TTTCMCMTTCTCGnCTTTACATTTCTTCT 
TAGCGGCTTGGCCGGTAGTAGGTATTTG 


4697 


Gly264Thr 
GGT-ACT 


CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 
CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 

A A^^T^AP/^A^TA^A AT^TT/^TA A /"Mil 

AACCGTGAGC/AGOTAUAAlbMGTAAbl 1 1 


4698 




ATATGCTACTTTCAACA 


4699 




TGTTGAAAGTAGCATAT 


4700 


Triazine Resistant 
D1 Protein 
Oryzs sativa 


AMCTTATMTATTGTGGCCGCTCATGGTTATTTTGGCCGATTAAT 

CTTCCAATATGCTAC 1 1 1 1 AACAACTCTCGTTCTTTACACTTCTTCT 

TO/^r>Tr > r > TTr > ^ N Pf s Tr > TAr > TAr > r > f a i i if 
lobOlobl 1 ool^L 1 o 1 fvj 1 AbooA 1 1 lo 


4701 


Ser264Thr 
AGT-ACT 


CAAATCCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 
CGAGAGTTGTTAAAAGTAGCATATTGGAAGATTAATCGGCCAAAAT 

A A AT/""» A Z^*/"*/"*/"^/^/^ A f> A ATA TT ATA A /">T' I 1" 

AACCATGAGCGGCCACAATATTATAAG 1 1 1 


4702 




ATATGCTACTTTTAACA 


4703 




TGTTAAAAGTAGCATAT 


4704 


Triazine Resistant 
D1 Protein 
Zea mays 


AGACTTATAATATTGTGGCTGCiCACGG 1 IAI 1 1 IGGICGAI IAAI 

CTTCCMTATGCTACTrTCAACAATTCTCGnCTTTACACTTCnCT 

TGGCTGCTTGGCCTGTAGTAGGGATCTG 


4705 


Ser264Thr 
AGT-ACT 


CAGATCCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 
CGAGAATTGTTGAAAGTAGCATATTGGAAGATTAATCGACCAAAAT 
AACCGTGAGCAGCCACAATATTATAAGTCT 


4706 




ATATGCTACTTTCAACA 


4707 




TGTTGAAAGTAGCATAT 


4708 


Triazine Resistant 
D1 Protein 
Arabidopsis thaliana 


AMCTTACAACAnGTAGCTGCTCACGGTTATTTTGGCCGAnGAT 
TTTCCMTATGCTACTTTCMCMTTCTCGTTCTTTACATTTCTTCTT 
AGCGGCTTGGCCGGTAGTAGGTA 1 1 IG 


4709 


Ser264Thr 
AGT-ACT 


CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 
CGAGAATTGTTGAAAGTAGCATATTGGAAMTCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATGTTGTAAGTTT 


4710 




ATATGCTACTTTCAACA 


4711 




TGTTGAAAGTAGCATAT 


4712 
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Phenotype, Gene, 
i F!aftt;& Targeted; 


V - ' " ^ ' r V;< - > i 


;SiQID 


Alteration 




::xV: ...V.' 


Triazine Resistant 
D1 Protein 

NlCOuana lauaCUm 


AAACTTATAACATCGTAGCCGC I CA I GG I IAI 1 1 IGGCCGAI IGAI 
CTTCCMTATGCTACmCMCMCTCTCGTTCGTTACACTTCTTCC 

T A ^PTOPTTY^PPTfn" ACTA ftfTT ATPTft 
1 Mou 1 ou 1 1 obl>u 1 o I no 1 noo 1 tt 1 U 1 o 


4713 


Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 
CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

*T* A A A/^ ATA A ^>H^^AT A AT^TI ATA A f** III' 

TAACCATGAGCGGCTACGATGTTATAAGTTT 


4714 




ATATGCTACTTTCAACA 


4715 




TGTTGAAAGTAGCATAT 


4716 


Triazine Resistant 
D1 Protein 
Populus deltoides 


AMCTTATAATATCGTAGCCGCICAIGGI IAI 1 1 1 GGCCGATTGAT 
CTTCCAATATGCTAC 1 1 1 lAACAACTCTCGCTCTTTACATTTCTTCT 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4717 


Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAAGAAGAAATGTAAAGAG 
CGAGAGTTGTTAAAAGTAGCATATTGGAAGATCAATCGGCCAAMT 

A AAOATAAOAAAOTAOAATATTATA A/"* I'll 

AACCATGAGCGGCTACGATATTATAAGTTT 


4718 




AIAIGCIACI 1 1 IAACA 


4719 




TGTTAAAAGTAGCATAT 


4720 


Triazine Resistant 
D1 Protein 
returns x nyoncid 


AMCTTATAATATCGTAGCCGCTCATGGTTATTTTGGCCGATTGAT 
CnCCMTATGCTACTTTCAACAACTCTCGTTCGTTACACTTCTTCC 

T A PPTPPTTPPPPTYTTAfTTA CIClThTC'TO. 
1 Abb 1 bb 1 1 bbbb 1 b I Ab 1 Abo 1 A 1 0 1 o 


4721 


Ser264Thr 

Ab 1 -AO 1 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 
CGAGAoTToTToAAAGTAbbA 1 A 1 1 ooAAoA 1 UAA 1 bbbbbAAAA 

T A AAAATAA/^AAAATAAPATATTATA A ATTT 

TAACCATGAGCGGCTACGATATTATAAG 1 1 1 


4722 




ATATGCTACTTTCAACA 


4723 




TGTTGAAAGTAGCATAT 


4724 


Triazine Resistant 
D1 Protein 


AAACTTATAATATCGTAGCTGCTCATGG IT A 1 1 1 IGGCCGAI IGAI 
CnCCMTATGCTACmCAACAATTCTCGnCTTTACATTTCnCC 


4725 


Magnolia pyramidata 


lAbulbbl IbbOLIblAblAbblAlUlb 




Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAA 
CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 

A A A -Y~/"\ A A <N /">T* A /""X A "T" A T*I" A "T" A AATTT 

AACCATGAGCAGCTACGATATTATAAGTTT 


4726 




ATATGCTACTTTCAACA 


4727 




TGTTGAAAGTAGCATAT 


4728 


Triazine Resistant 
D1 Protein 
Medicago sativa 


AAACCTATAATATTGTAGCAGC ICAIGGI IAI 1 1 1 GGCCGATTGAT 
CTTCCMTATGCTACTTTCAACAACTCTCGTTCTTTACATTTCnCC 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4729 


Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAA 
CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 
TAACCATGAGCTGCTACAATATTATAGGTTT 


4730 




ATATGCTACTTTCAACA 


4731 




TGTTGAAAGTAGCATAT 


4732 
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Alteration 




tm$m 

SEQID 

111 1 " 




Triazine Resistant 
D1 Protein 


AAACCTATAATATTGTAGCTGCTCATGGTTA 1 1 1 IGGCCGAI TGAT 
CTTCCAATATGCAACTTTCAACMTTCTCGncrnrACATrTCnCT 


4733 




Glycine max 


TAGCTGCTTGGCCTGTAGTAGGTATTTG 




5 


Ser264Thr 
AGT-ACT 


CAAATACCTACTACAGGCCMGCAGCTAAGAAGAAATGTAAAGAA 

CGAGAATTGTTGAAAGTTGCATATTGGAAGATCAATCGGCCAAAAT 

AACCATGAGCAGCTACAATATTATAGGTTT 


4734 






ATATGCAACTTTCAACA 


4735 






TGTTGAAAGTTGCATAT 


4736 




Triazine Resistant 
D1 Protein 


AAACTTACAACATTGTAGCTGC I CACGG I IAI 1 1 1 GGCCGATTGAT 
CTTCCMTATGCTACTTTCAACMTTCTCGnCTTTACATncnCT 


4737 




Brassica napus 


TAGCGGCTTGGCCGGTAGTAGGTATTTG 




10 


Gly264Thr 
GGT-ACT 


CAAATACCTACTACCGGCCMGCCGCTAAGAAGAAATGTAAAGAA 

CGAGMTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 

AACCGTGAGCAGCTACAATGTTGTAAGTTT 


4738 






ATATGCTACTTTCAACA 


4739 






TGTTGAAAGTAGCATAT 


4740 




Triazine Resistant 
D1 Protein 


AMCTTATMTAnGTGGCCGCTCATGGTTATTTTGGCCGAnAAT 
CTTCCMTATGCTACTTTTMCMCTCTCGTTCTTTACACTTCTTCT 


4741 




Oryzasativa 


•v> J V will ^N«T" A ^V"T* A A 111 1 

TGGCTGCTTGGCCTGTAGTAGGGATTTG 




15 


Ser264Thr 
AGT-ACT 


CAAATCCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 
CGAGAGTTGTTAAAAGTAGCATATTGGAAGATTAATCGGCCAAAAT 
AACCATGAGCGGCCACAATATTATAAGTTT 


4742 






ATATGCTACTTTTAACA 


4743 






TGTTAAAAGTAGCATAT 


4744 




Triazine Resistant 
D1 Protein 


AGACTTATAATATTGTGGCTGC 1 CACGG 1 IAI 1 1 IGGICGAI IAAI 
CTTCCMTATGCTACTTTCAACAATTCTCGTTCTTTACACnCTTCT 


4745 




lea mays 


TGGCTGCTTGGCCTGTAGTAGGGATCTG 




20 


Ser264Thr 
AGT-ACT 


CAGATCCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 
CGAGAATTGTTGAAAGTAGCATATTGGAAGATTAATCGACCAAMT 
AACCGTGAGCAGCCACAATATTATAAGTCT 


4746 






ATATGCTACTTTCAACA 


4747 






TGTTGAAAGTAGCATAT 


4748 




Triazine Resistant 
D1 Protein 


AMCTTACMCAnGTAGCTGCTCACGGnATTTTGGCCGATTGAT 
mCCMTATGCTACmCMCMTTCTCGnCTnACATTTCTTCTT 


4749 




Arabidopsis ihaliana 


AGCGGCTTGGCCGGTAGTAGGTATTTG 




25 


Ser264Thr 
AGT-ACT 


CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 
CGAGAATTGTTGAAAGTAGCATATTGGAAAATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATGTTGTAAGI 1 1 


4750 






ATATGCTACTTTCAACA 


4751 






TGTTGAAAGTAGCATAT 


4752 
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Phenotype, Gene, 

i-ii^^Targetlii 
. Alteration 


Altering Oligos 


mmm 

lilllll 


Triazine Resistant 
D1 Protein 
Piceaabies 


AMCCTACAATATTGTGGCTGCTCACGGTTATTTCGGCCGATTGAT 
CnCCAGTATGCTACTTTCMCMCTCCCGTTCTTTACATTTCTTCT 

"1" A f\ ATAn'l i A A A A | A A A AT A TATA 

TAGCTGCTTGGCCCGTAGCAGGTATCTG 


4753 


Ser264Thr 
AGT-ACT 


CAGATACCTGCTACGGGCCAAGCAGCTAAGAAGAAATGTAAAGAA 
CGGGAGTTGTTGAAAGTAGCATACTGGAAGATCAATCGGCCGAAA 
TAACCGTGAGCAGCCACAATATTGTAGGTTT 


4754 




GTATGCTACTTTCAACA 


4755 




TGTTGAAAGTAGCATAC 


4756 


Triazine Resistant 
D1 Protein 
Vicia faba 


AAACCTATAATATTGTAGCTGCTCACGG 1 IAN 1 IGGCCGAI IGAI 

CTTCCMTATGCTACmCMCMTTCTCGCTCTTTACATTTCTTCC 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4757 


Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAG 
CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATATTATAGGTTT 


4758 




ATATGCTACTTTCAACA 


4759 




TGTTGAAAGTAGCATAT 


4760 


Triazine Resistant 
D1 Protein 


AGACTTATMTA1 IGIGGCIGCICAIGGI IAI 1 1 IGGCCGAI IAAT 
CTTCCMTATGCTACmCAACAACTCTCGnCTTTACACTTCTTCT 


4761 


Hordeum vulgare 


TGGCTGCTTGGCCTGTAGTAGGAATCTG 




Ser264Thr 
AGT-ACT 


CAGATTCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 
CGAGAGTTGTTGAAAGTAGCATATTGGAAGATTAATCGGCCAAAAT 
AACCATGAGCAGCCACAATATTATAAGTCT 


4762 




ATATGCTACTTTCAACA 


4763 




TGTTGAAAGTAGCATAT 


4764 


Triazine Resistant 
D1 Protein 

Triticum aestivum \ 


AMCTTATAATATTGTGGCTGCTCAiGGI IAI 1 1 IGGCCGAI IAAI 

CTTCCMTATGCTACTrTCAACAACTCTCGTTCTTTACACTTCTTCT 

TGGCTGCTTGGCCTGTAGTAGGAATCTG 


4765 


Ser264Thr 
AGT-ACT 


CAGATTCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 
CGAGAGTTGTTGAAAGTAGCATATTGGAAGATTAATCGGCCAAAAT 
AACCATGAGCAGCCACMTATTATAAGTTT 


4766 




ATATGCTACTTTCAACA 


4767 




TGTTGAAAGTAGCATAT j 


4768 


Triazine Resistant 
D1 Protein 
Vigna unguiculata 


AAACTTATAATATTGTAGCTGC ICAIUGI IAI 1 1 1 GGCCGA 1 IAAI (J 

nCCMTATGCMCTTTCMCMTTCTCGTTCTTTACATTTCTTCCT 

AGCTGCTTGGCCTGTAGTAGGTATTTG 


4769 


Ser264Thr 
AGT-ACT 


CAAATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAA 
CGAGAATTGTTGAAAGTTGCATATTGGAAGATTAATCGGCCAAAAT 
AACCATGAGCAGCTACAATATTATAAGTTT 


4770 




ATATGCAACTTTCAACA 


4771 




TGTTGAAAGTTGCATAT 


4772 
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Phenotype, Gene, 
if */ - Alteration^ . 




Isiiii! 

NO: 


Triazine Resistant 
D1 Protein 

LOIUS japOnlCUS 


AAACCTATAATATTGTAGCTGCICACGGI IAI 1 1 IGGCCGAI IGAI 
CnCCMTATGCMCTTTCMCAACTCTCGTTCTTTACACTTCTTCT 

1 AV3lr 1 Uw 1 1 OOUu l\J\ IOI AVJVJ Inlul O 


4773 


Ser264Thr 
AGT-ACT 


CAGATACCTACAACAGGCCAAGCAGCTAAGAAGAAGTGTAAAGAA 
CGAGAGTTGTTGAAAGTTGCATATTGGMGATCAATCGGCCAAAAT 

a A^^TPAPPAOCTAr'A ATATTATAPPTTT 

AACUblbAbOAbUlAOAAl Al lAIAbbl 1 1 


4774 




ATATGCAACTTTCAACA 


4775 




TGTTGAAAGTTGCATAT 


4776 


Triazine Resistant 
D1 Protein 
S/nap/s alba 


AAACTTACAACATTGTAGCTGC TCACGG 1 IAI 1 1 1 GGCCGATTGAT 
CTTCCMTATGCTACTTTCMCMTTCTCGTTCTTTACATTTCTTCT 
TAGCGGCTTGGCCGGTAGTAGGTATTTG 


4777 


Ser264Thr 
AGT-ACT 


CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 
CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 

A A />AOTr> A PP A PPT APA ATPTTPT A A PI 1 I 

MCCGTGAGCAGCTACAATGTTGTAAbTTI 


4778 




ATATGCTACTTTCAACA 


4779 j 




TGTTGAAAGTAGCATAT 


4780 


Triazine Resistant 
D1 Protein 
risum sativum 


AMCCTATMTATTGTAGCTGCTCACGGnATTTTGGCCGATTGAT 
CnCCMTATGCTACJTTCMCMTTCTCGCTCTTTACATTTCTTCC 

1 AbU 1 bw 1 1 bbuls 1 b 1 Mo 1 wo Initio 


4781 ! 


Ser264Thr 

APT APT 

Ab 1 -AO 1 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAG 

rir»AO« ATTPTTP A A A f5T A CSP AT ATTP./^ A A P. ATP A ATPP.P.PP A A A AT 
ObAbAA Moll bAAAb 1 AbOA 1 A 1 1 bbAAbA 1 UAA 1 bbbUO/W\M 1 

A A^^Tr 1 AOP APPTA^ A ATATTATAPPTTT 

AACubTbAbl/Abb 1 AOAA 1 A 1 IAI Abb 1 1 1 


4782 




ATATGCTACTTTCAACA 


4783 




TGTTGAAAGTAGCATAT 


4784 


Triazine Resistant 
D1 Protein 


AAACTTATAATATCGTAGCTGCT CA 1 GG 1 IAI 1 1 IGGICGAI IbAl 
CTTCCMTATGCTACTTTCAACAACTCTCGTTCTTTACACTTCnCT 


4785 


Spinacia oleracea 


TAGCTGCTTGGCCTGTAGTAGGTATTTG 




Ser264Thr 
AGT-ACT 


CAAATACCTACTACAGGCCAAGCAGCTAAGAAGAAGTGTAAAGAA 
CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGACCAAAAT 

A APAATPAPPAPPTAPPATATTATA A Pill" 

AACCATGAGCAGCTACGATATTATAAG 1 1 1 


4786 




ATATGCTACTTTCAACA 


4787 




TGTTGAAAGTAGCATAT _j 


4788 


Triazine Resistant 
D1 Protein 
Nlcotiana debneyi 


AMCnATMCATCGTAGCCGCTCATGGnATTTTGGCCGATTGAT 
CTTCCMTATGCTACJTTCAACAACTCTCGTTCGTTACACTTCTTCC 

ta r>r>Tf>r i TTr , r , r i r , TPTAr i TAPr , TATf l Tr' 
TAGCTbOT 1 bbOb 1 b 1 Ab 1 Abb 1 A 1 0 1 b 


4789 


Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATGTTATAAGTTT 


4790 




ATATGCTACTTTCAACA 


4791 




TGTTGAAAGTAGCATAT 

== :== — ' 


4792 
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Phenotype^ene, 
t Plant &Targetfi|| 
Alteration 






« •» ^ 
.. . ' 


^7 < ■• 

Altering Oligos 


: NO; 


Triazine Resistant 
D1 Protein 
Solanum nigrvm 
Ser264Thr 
AGT-ACT 


AAACTTATAATATCGTAGCCGC I CA I GG I IAI 1 1 1 GGCCGATTGAT 

CTTCCAATATGCTACTTTCAACAACTCTCGTTCGTTACACTTCTTCC 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4793 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATATTATAAGTTT 


4794 


ATATGCTACTTTCAACA 


4795 


TGTTGAAAGTAGCATAT 


4796 


Triazine Resistant 

D1 Protein 

Nicotiana 

plumbaginifolia 

Ser264Thr 

AGT-ACT 


AAACTTATAACATCGTAGCCGCTCA 1 GG 1 IAI 1 1 IGGCCGAI IGAI 

CTTCCAATATGCTACTTTCAACAACTCTCGTTCGTTACACTTCTTCC 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4797 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATGTTATAAGTTT 


4798 


ATATGCTAC 


TTTCAACA 


4799 


TGTTGAAAGTAGCATAT 


4800 
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Example 6 

Engineering male- or female-sterile plants 

Flower development in distantly related dicot plant species is increasingly better understood 
and appears to be regulated by a family of genes which encode regulatory proteins. These genes include, 

5 for example, AGAMOUS {AG), APETALA1 [AP1), and APETALA3 [AP3) and PISTILLATA {PI) in 

Arabidopsis thaliana, and DEFICIENS A {DEFA), GLOBOSA (GLO), SQUAMOSA {SQUA), and PLENA 
{PLE) in Antirrhinum majus. Genetic studies have shown that the DEFA, GLO and AP3 genes are essential 
for petal and stamen development Sequence analysis of these genes revealed that the gene products 
contain a conserved MADS box region, a DNA-binding domain. Using these clones as probes, MADS box 

1 0 genes have also been isolated from other species including tomato, tobacco, petunia, Brassica napus, and 
maize. 

Altering the expression of these genes results in altered floral morphology. For example, 
mutations in AP3 and PI result in male-sterile flowers because petals develop in place of stamens. 

The attached tables disclose exemplary oligonucleotide base sequences which can be 
1 5 used to generate site-specific mutations that confer altered floral structures in plants. 



Table 14 

Oligonucleotides to produce male-sterile plants 



! Plant & Targeted 
Alteration 


....... 

Altering Oligos > 

. , 


: wmw< 

UOi : 


Male-sterile 
AP3 

Arabidopsis thaliana 

Arg3Term 

AGA-TGA 


TTGTCCTCTCCACCAAATCTCTTCAACAAAAAGATTAAACAAAGAGA 
GAAGAATATGGCGTGAGGGAAGATCCAGATCAAGAGGATAGAGAA 
CCAGACAAACAGACAAGTGACGTATTCAA 


4801 


TTGAATACGTCACTTGTCTGTTTGTCTGGTTCTCTATCCTCTTGATC 
TGGATCTTCCCTCACGCCATATTCTTCTCTCTTTGTTTAATCI 1 1 1 1 
GTTGAAGAGATTTGGTGGAGAGGACAA 


4802 


ATATGGCGJGAGGGAAG 


4803 


CTTCCCTCACGCCATAT 


4804 


Male-sterile 
AP3 

Arabidopsis thaliana 

Lys5Term 

AAG-TAG 


TCTCCACCAAATCTCTTCAACAAAAAGATTAAACAAAGAGAGAAGA 

ATATGGCGAGAGGGTAGATCCAGATCAAGAGGATAGAGAACCAGA 

CAAACAGACAAGTGACGTATTCAAAGAGAA 


4805 


TTCTCTTTGAATACGTCACTTGTCTGTTTGTCTGGTTCTCTATCCTC 
TTGATCTGGATCTACCCTCTCGCCATATTCTTCTCTCTTTGTTTAAT 
CM 1 1 1 GTTGAAGAGATTTGGTGGAGA 


4806 


CGAGAGGGTAGATCCAG 


4807 
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CTGGATCTACCCTCTCG 


4808 


Male-sterile 
AP3 

rvaUlUUfJoio uiQiiaiia 

Gln7Term 
CAG-TAG 


CCAAATCTCTTCAACAAAAAGATTAAACAAAGAGAGAAGAATATGG 
CGAGAGGGAAGATCIAGATCAAGAGGATAGAGAACCAGACAAACA 
GACAAGTGACGTATTCAAAGAGAAGGAATG 


4809 


CATTCCTTCTCTTTGAATACGTCACTTGTCTGTTTGTCTGGTTCTCT 
ATCCTCTTGATCTAGATCTTCCCTCTCGCCATATTCTTCTCTCTTTG 
TTTAATCI 1 1 1 IGTTGAAGAGATTTGG 


4810 


GGAAGATCIAGATCAAG 


4811 


CTTGATCTAGATCTTCC 


4812 


Male-sterile 
AP3 

HI aUiUUfJolo uiaiiaiia 

Lys9Term 
AAG-TAG 


CTCTTCAACAAAAAGATTAAACAAAGAGAGAAGAATATGGCGAGAG 
GGAAGATCCAGATCIAGAGGATAGAGAACCAGACAAACAGACAAG 
TGACGTATTCAAAGAGAAGGAATGGTTTAT 


4813 


ATAMCCATrCCTTCTCTTTGAATACGTCACTTGTCTGTTTGTCTGG 
TTCTCTATCCTCTAGATCTGGATCTTCCCTCTCGCCATATTCTTCTC 

Tp 1 i 1 i i 1 A A TPTTTTTPTTP AAPAP 

1 L> 1 II b II 1 AA 1 U 1 1 1 1 1 o 1 1 bAAbAb 


4814 


TCCAGATCTAGAGGATA 


4815 


TATCCTCTAGATCTGGA 


4816 


Male-sterile 
AP3 

D/doo/Cd VluiaLua 

Lys23Term 
AAG-TAG 


AGAGGGAAGATCCAGATCAAGAGGATAGAGAACCAGACCAACCGA 
CMGTGACGTAnCTTAGAGAAGAAATGGTTTGTTCAAGAAAGCTC 
ArfiAftrTTAPAfi 1 1 1 IATGTGATGCTAGGG 


4817 


CCCTAGCATCACATAAAACTGTAAGCTCGTGAGCTTTCTTGAACAA 
ACCATTTCTTCTCTAAGAATACGTCACTTGTCGGTTGGTCTGGTTC 
TCTATCCTCTTGATCTGGATCTTCCCTCT 


4818 


CGTATTCTTAGAGAAGA 


4819 


TCTTCTCTAAGAATACG 


4820 


Male-sterile 
AP3 

Brassica oleracea 

Arg24Term 

AGA-TGA 


GGGAAGATCCAGATCAAGAGGATAGAGAACCAGACCAACCGACAA 
GTGACGTATTCTAAGIGAAGAAATGGTTTGTTCAAGAAAGCTCACG 

A OOTT AAA /"> 1 1 1 1 AT/>TP AT/NAT A PPPTTT 

AGCTTACAG 1 1 1 1 ATGTGATGCTAGGG 1 1 1 


4821 


AAACCCTAGCATCACATAAAACTGTAAGCTCGTGAGCTTTCTTGAA 
CAAACCATTTCTTCACTTAGAATACGTCACTTGTCGGTTGGTCTGG 
TTOTOlAIUt/TLrl IbAlOlobAIOI IL.00 


4822 


ATTCTAAGIGAAGAAAT 


4823 


ATTTCTTCACTTAGAAT 


4824 ; 


Male-sterile 
AP3 

brassica o/eracea 

Arg25Term 

AGA-TGA 


AAGATCCAGATCAAGAGGATAGAGAACCAGACCAACCGACAAGTG 
ACGTATTCTAAGAGATGAAATGGTTTGTTCAAGAAAGCTCACGAGC 

TTAPAm 1 1 1 AT^T^ATHPTAnf^mTTP^A 
1 1 AOAb \ \ 1 1 A 1 0 1 OM 1 Ow I MOVPO 1 1 1 Lf \Dr\ 


4825 ! 


TCGAAACCCTAGCATCACATAAAACTGTAAGCTCGTGAGCTTTCTT 
GAACAAACCATTTCATCTCTTAGAATACGTCACTTGTCGGTTGGTC 
TGGTTCTCTATCCTCTTGATCTGGATCTT 


4826 


CTAAGAGATGAAATGGT 


4827 


ACCATTTCATCTCTTAG 


4828 
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Male-sterile 
AP3 

Leu28Term 
TTG-TAG 


TCAAGAGGATAGAGAACCAGACCAACCGACAAGTGACGTATTCTA 
AGAGMGAMTGGTTAGTTCMGAMGCTCACGAGCnACAGTTTT 
ATGTGATGCTAGGGTTTCGATTATCATGTT 


4829 


AACATGATAATCGAAACCCTAGCATCACATAAAACTGTAAGCTCGT 
GAGCTTTCTTGMCIMCCATTTCTTCTCTTAGAATACGTCACTTGT 

Pr^TTf^nTPTf^TTPTPTATPPTPTTftA 
w wO 1 i Vjo 1 w 1 1 1 w 1 w 1 M 1 w w 1 w II UM 


4830 


AAATGGTTAGTTCAAGA 


4831 


TCTTGAACTAACCATTT 


4832 


Male-sterile 
AP3 

flracQ/ra nan//*? 

Tyr21Term 
TAC-TAG 


GGCTCGAGGGAAGATCCAGATTAAGAGGATAGAGAACCAAACAAA 
CAGGCAGGTCACCTAGTCCAAGAGAAGAAATGGTTTGTTCAAGAA 
AGCACACGAGCTCTCTGTTCTCTGTGATGCT 


4833 


AGCATCACAGAGAACAGAGAGCTCGTGTGCTTTCTTGAACAAACC 

ATTTCTTCTCTTGGACTAGGTGACCTGCCTGTTTGTTTGGTTCTCTA 

TCCTCTTAATCTGGATCTTCCCTCGAGCC 


4834 


GTCACCTAGTCCAAGAG 


4835 


CTCTTGGACTAGGTGAC 


4836 


Male-sterile 
AP3 

Brassica napus 

Lys23Term 

AAG-TAG 


CGAGGGAAGATCCAGATTAAGAGGATAGAGAACCAAACAAACAGG 
CAGGTCACCTACTCCIAGAGAAGAAATGGTTTGTTCAAGAAAGCAC 
ALoAbuTOl 1.1 o 1 1 0 1 0 1 o 1 uA 1 oL> 1 AAAb 


4837 


CTTTAGCATCACAGAGAACAGAGAGCTCGTGTGCTTTCTTGAACAA 
ACCATTTCnCTCTAGGAGTAGGTGACCTGCCTGTTTGTTTGGTTC 

TPT ATPPTPTT A ATPT^ri ATPTTPPPTPfS 
1 w 1 M 1 ww 1 w II MM 1 w 1 UUM 1 w I 1 ww 1/ 1 \j\J 


4838 


CCTACTCCTAGAGAAGA 


4839 


TCTTCTCTAGGAGTAGG 


4840 


Male-sterile 
AP3 

U/UOO/UG IIQJJUO 

Arg24Term 
AGA-TGA 


GGGAAGATCCAGATTAAGAGGATAGAGAACCAAACAAACAGGCAG 
GTCACCTACTCCAAGIGAAGAAATGGTTTGTTCAAGAAAGCACACG 
AGCTCTCTGTTCTCTGTGATGCTAAAGTTT 

rWJ\J 1 W 1 W 1 v 1 1 W 1 W 1 \J 1 1 V^W 1 tv \i \\J 1 1 1 


4841 


AAACTTTAGCATCACAGAGAACAGAGAGCTCGTGTGCTTTCTTGAA 
CAMCCATTTCTTCAC7TGGAGTAGGTGACCTGCCTGTTTGTTTGG 
TTCTCTATCCTCTTAATCTGGATCTTCCC 

1 I W I W I #% I ww 1 W I I rwi I w I w^w/» i w i i www 


4842 


ACTCCAAGIGAAGAAAT 


4843 


ATTTCTTCACTTGGAGT 


4844 


Male-sterile 
AP3 

D/doo/Oa tlafJUd 

Arg25Term 
AGA-TGA 


AAGATCCAGATTAAGAGGATAGAGAACCAAACAAACAGGCAGGTC 
ACCTACTCCAAGAGAIGAAATGGTTTGTTCAAGAAAGCACACGAGC 

IvIwIOl lul vlUI OA 1 Ou 1 nnAU I I I Own 


4845 


TGGAAACTTTAGCATCACAGAGAACAGAGAGCTCGTGTGCTTTCTT 
GMCAMCCATTTCATCTGTTGGAGTAGGTGACCTGCCTGTTTGTT 
TGGTTCTCTATCCTCTTAATCTGGATCTT 


4846 


CCAAGAGAIGAAATGGT 


4847 


ACCATTTCATCTCTTGG 


4848 
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Male-sterile 
DEFA 

Antirrhinum msius 

Arg3Term 

CGA-TGA 


GGAGAGAAAGGAAAGCTGGAAGAAGAAAACAAGAGCAGTAG IGG 1 
AGTGGTTCGATGGCTTGAGGGAAGATCCAGATTAAGAGGATAGAG 
AACCAAACAAACAGGCAGGTCACCTACTCCA 


4849 


TGGAGTAGGTGACCTGCCTGTTTGTTTGGTTCTCTATCCTCTTAAT 
CTGGATCTTCCCTCAAGCCATCGAACCACTACCACTACTGCTCTTG 
1 1 1 1 CTTCTTCCAGCTTTCCTTTCTCTCC 


4850 


CGATGGCTTGAGGGAAG 


4851 


CTTCCCTCAAGCCATCG 


4852 


Male-sterile 
DEFA 

fAniirrnmUn) maJUo 

LysSTerm 
AAG-TAG 


AAAGGAAAGCTGGAAGAAGAAAACAAGAGCAGTAGTGGTAGTGGT 
TCGATGGCTCGAGGGTAGATCCAGATTAAGAGGATAGAGAACCAA 

ArAAAPAftfirAftfTrPAPPTAPTPPAAftAfiAA 


4853 


nCTCnGGAGTAGGTGACCTGCCTGTTTGTTTGGTTCTCTATCCT 

CTTAATCTGGATCTACCCTCGAGCCATCGAACCACTACCACTACTG 

OTnTTGTTTTflTTCTTCCAGCTTTCCTTT 

Ul vl 1 \J I \ 1 |\j| 1 vl 1 vunuu 1 1 1 VU 1 1 1 


4854 


CTCGAGGGIAGATCCAG 


4855 


CTGGATCTACCCTCGAG 


4856 


Male-sterile 
DEFA 

Antirrhinum maius 

fu III/ 1 1 III lUi 1 1 IlltijWO 

Gln7Term 
CAG-TAG 


AAGCTGGAAGAAGAAAACAAGAGCAGTAGTGGTAGTGGTTCGATG 
GCTCGAGGGAAGATCIAGATTAAGAGGATAGAGAACCAAACAAAC 
AGGCAGGTCACCTACTCCAAGAGAAGAAATG 


4857 


CATnCTTCTCnGGAGTAGGTGACCTGCCTGTTTGTTTGGTTCTC 
TATCCTCTTAATCTAGATCTTCCCTCGAGCCATCGAACCACTACCA 
CTACTGCTCTTGI 1 1 1 CTTCTTCCAGCTT 


4858 


GGAAGATCIAGATTAAG 


4859 


CTTAATCTAGATCTTCC 


4860 


Male-sterile 
DEFA 

Antirrhinum mdjus 

Lys9Term 

AAG-TAG 


GAAGAAGAAAACAAGAGCAGTAGTGGTAGTGGTTCGATGGCTCGA 
GGGAAGATCCAGATTIAGAGGATAGAGAACCAAACAAACAGGCAG 
GTCACCTACTCCAAGAGAAGAAATGGTTTGT 


4861 


ACAMCCATTTCTTCTCnGGAGTAGGTGACCTGCCTGTTTGTTTG 
GTTCTCTATCCTCTAAATCTGGATCTTCCCTCGAGCCATCGAACCA 
rTAnrAPTAPTfinTnTTfi mm http/ito 

\j 1 nwAv 1 n\j 1 uu ivl Iwl l l i vl IV/I lw 


4862 


TCCAGATTTAGAGGATA 


4863 


TATCCTCTAAATCTGGA 


4864 


Male-sterile 
AP3 

I V/UUl/Ci/fCf {QUQkAJIi l 

Lys5Term 
AAG-TAG 


TCAGTMnCHMGATCTCAMCTTTGAGCAAAAAGAAAAAAAAAC 
TATGGCTCGTGGGIAGATCCAGATCAAGAGAATAGAGAACCAAAC 
AAACAGACAAGTCACTTATTCTAAGAGAA 


4865 


TTCTCTTAGMTMGTGACTTGTCTGTTTGTTTGGTTCTCTATTCTC 
TTGATCTGGATCTACCCACGAGCCATAGI 1 1 1 1 1 1 1 1 CTTTTTGCTC 
AAAGTTTGAGATCTTAAGAATTACTGA 


4866 


CTCGTGGGIAGATCCAG 


4867 


CTGGATCTACCCACGAG 


4868 
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Male-sterile 
AP3 

Nirnfiana fahacjim 

Gln7Term 
CAG-TAG 


ATTCTTMGATCTCAMCTTTGAGCAAAAAGAAAAAAAAACTATGGC 

T*^X 1 'A^^ it A A ■V S ^N*W> A A ^^^N A A A ^X A A "T" A AN A AN A A AX AV AAA ^X AAA A AX A 

TCGTGGGMGATCIAGATCAAGAGAATAGAGAACCAAACAAACAGA 
CAARTnACTTATTCTAARAfiAARAAATR 


4869 


CATTTCTTCTCTTAGMTMGTGACTTGTCTGTTTGTTTGGTTCTCT 
ATTCTCTTGATCTAGATCTTCCCACGAGCCATAGI 1 1 1 1 1 1 1 ICTTT 
TTGCTCAAAGTTTGAGATCTTAAGAAT 

1 1 XV XA 1 \Jl V U \\*J III \JI \\*J> » 1 V 1 1 » V »X«rf# Vl 1 


4870 


GGAAGATCTAGATCAAG 


4871 


CTTGATCTAGATCTTCC 


4872 


Male-sterile 
AP3 

Nicotians tabacum 

Lys9Term 

AAG-TAG 


MGATCTCAMCTTTGAGCAAAAAGAAAAAAAAACTATGGCTCGTG 

A\ /"X A A A"N A TAX^X A AX A *rf\^P A /"> A /"\ A AT" A /"X A AX A A /"\/"\ A A A A\ A A A /N A /"S A AX A A AXT* 

GGAAGATCCAGATCTAGAGAATAGAGAACCAAACAAACAGACAAGT 
CACTTATTCTAAGAGAAGAAATGGACTTT 


4873 


AMGTCCATnCTTCTCnAGMTMGTGACTTGTCTGTTTGTTTGG 
TTCTCTATTCTCTAGATCTGGATCTTCCCACGAGCCATAGI 1 1 1 1 1 1 
TTCI 1 1 1 IGCTCAAAGTTTGAGATCTT 


4874 


TCCAGATCTAGAGAATA 


4875 


TATTCTCTAGATCTGGA 


4876 


Male-sterile 
AP3 

Nicotiana tabacum 

ArglOTerm 

AGA-TGA 


ATCTCAAACTTTGAGCAAAAAGAAAAAAAAACTATGGCTCGTGGGA 

A ^X A "T«,^X ^X A /"X A "*P".*X A A /\«A A A A A AX A A .fX ^X AAA AX AAA -^X A ^"X A A A AX ■ #X A /"X 

AGATCCAGATCAAGTGAATAGAGAACCAAACAAACAGACAAGTCAC 
TTATTCTAAGAGAAGAAATGGACTTTTCA 


4877 


TGAAMGTCCATnCTTCTCnAGAATAAGTGACTTGTCTGTTTGTT 
TGGTTCTCTATTCACTTGATCTGGATCTTCCCACGAGCCATAGTTT 
1 1 1 1 1 1 C 1 1 1 1 1 GCTCAAAGTTTGAGAT 

I I I I I I xa I I I I I I wnnnv III W#%x»*r» I 


4878 


AGATCAAGTGAATAGAG 


4879 


CTCTATTCACTTGATCT 


4880 


Male-sterile 
AP3 

Medicago sativa 

Tyr21Term 

TAC-TAG 


GGCTCGAGGAMGATCCAGATCAAGAGAATAGAGAACACAACGAA 

AX A AX A AX A A ^X*H^ A A *N^^^^ A M*T*^\ A A A A ^X ^N A A ^N ^N ^X A A A ^N A A AX 

CAGACAAGTAACTTAGTCAAAACGAAGGGATGGTCTTTTCAAGAAG 
GCCAATGAGCTCACTGTTCTTTGTGATGCT 


4881 


AGCATCACAAAGAACAGTGAGCTCATTGGCCTTCTTGAAAAGACCA 
TCCCTTCGTTnGACTAAGTTACTTGTCTGTTCGTTGTGTTCTCTAT 
TCTCTTGATCTGGATCTTTCCTCGAGCC 


4882 


GTAACTTAGTCAAAACG 


4883 


CGTTTTGACTAAGTTAC 


4884 


Male-sterile 
AP3 

Medicaao sativa 

Ser22Term 

TCA-TGA 


CTCGAGGAAAGATCCAGATCAAGAGAATAGAGAACACAACGAACA 

GACMGTMCTTACTGAAAACGAAGGGATGGTCTTTTCAAGAAGGC 

CAATGAGCTCACTGTTCTTTGTGATGCTAA 

V*# U II XA# IXAX^ 1 V** »xA 1 X^ 1 1 V# III XA 1 XA# » 1 1 # V • 


4885 ! 


TTAGCATCACAAAGAACAGTGAGCTCATTGGCCTTCTTGAAAAGAC 
CATCCCnCGTTTTCAGTAAGTTACTTGTCTGTTCGTTGTGTTCTCT 
ATTCTCTTGATCTGGATCTTTCCTCGAG 


4886 


AACTTACTGAAAACGAA 


4887 


TTCGTTTTCAGTAAGTT 


4888 
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Male-sterile 
AP3 

Medicago sativa 

Lys23Term 

AAA-TAA 


CGAGGAAAGATCCAGATCAAGAGAATAGAGAACACAACGAACAGA 

AAA ATA A ATT A ATA A T A A A A A A /^/^ A A T A AT ATTTT A A A A* A A A A A A 

CAAGTAACTTACTCATAACGAAGGGATGGTC 1 1 1 1 CAAGAAGGCCA 
ATGAGCTCACTGTTCTTTGTGATGCTAAGG 


4889 


CCTTAGCATCACAAAGAACAGTGAGCTCATTGGCCTTCTTGAAAAG 
ACCATCCCTTCGTTATGAGTAAGTTACTTGTCTGTTCGTTGTGTTCT 
CTATTCTCTTGATCTGGATCTTTCCTCG 


4890 


CTTACTCATAACGAAGG 


4891 


CCTTCGTTATGAGTAAG 


4892 


Male-sterile 
AP3 

Medicago sativa 

Arg24Term 

CGA-TGA 


GGAAAGATCCAGATCAAGAGAATAGAGAACACAACGAACAGACAA 

AT A A ATT A ATA AAA A T/""> A A AAA A T A AT ATTTT A A A A A A A AAA A AT A 

GTAACTTACTCAAAATGAAGGGATGGTC 1 1 1 1 CAAGAAGGCCAATG 
AGCTCACTGTTCTTTGTGATGCTAAGGTTT 


4893 


AAACCTTAGCATCACAAAGAACAGTGAGCTCATTGGCCTTCTTGAA 
AAGACCATCCCTTCAI 1 1 1 GAGTAAGTTACTTGTCTGTTCGTTGTGT 
TCTCTATTCTCTTGATCTGGATCTTTCC 


4894 


ACTCAAAATGAAGGGAT 


4895 


ATCCCTTCATTTTGAGT 


4896 


Male-sterile 
DEF4 

Solanum tuberosum 

Tyr21Term 

TAT-TAG 


GGCTCGTGGTAAGATCCAGAICAAGAAAATAGAAAACCAAACAAAT 

A A A A A A ATA A ATT A ATA AAA A A A A A A A A AT A A A AT A | 1 A A A A A A A 

AGGCAAGTGACTTAGTCAAAGAGAAGAAATGGGCTATTCAAGAAG 
GCTAATGAACTTACAGTTCTTTGTGATGCT 


4897 


AGCATCACAAAGAACTGTAAGTTCATTAGCCTTCTTGAATAGCCCA 
mCTTCTCTnGACTMGTCACTTGCCTATTTGTTTGGI 1 1 ICTATT 
TTCTTGATCTGGATCTTACCACGAGCC 


4898 


GTGACTTAGTCAAAGAG 


4899 


CTCTTTGACTAAGTCAC 


4900 


Male-sterile 
DEF4 

\j\jioiiuin luuuiuouui 

Ser22Term 
TCA-TGA 


CTCGTGGTAAGATCCAGATCAAGAAAATAGAAAACCAAACAAATAG 

^\ *\ a jl A ^VfT a i 1 f% AAA ^> A f \ A A AAA T"^> ^> /"\^^~T" A TT/'X A A A A ^%^^^V| 1 

GCAAGTGACTTATTGAAAGAGAAGAAATGGGCTATTCAAGAAGGCT 
AATGAACTTACAGTTCTTTGTGATGCTAA 


4901 


ttagcatcacaaagaactgtaagttcattagccttcttgaatagcc 

catttcnctctttcmtmgtcacttgcctatngtttggttttcta 

ttttcttgatctggatcttaccacgag 


4902 


GACTTATTGAAAGAGAA 


4903 


ttctctttcaataagtc 


4904 


Male-sterile 
DEF4 

Solanum tuberosum 

Lys23Term 

AAG-TAG 


CGTGGTAAGATCCAGATCAAGAAAATAGAAAACCAAACAAATAGGC 
AAGTGACTTATTCATAGAGAAGAAATGGGCTATTCAAGAAGGCTAA 
TGAACTTACAGTTCTTTGTGATGCTAAAG 


4905 


CTnAGCATCACAAAGAACTGTAAGTTCATTAGCCTTCTTGAATAGC 

CCATTTCTTCTCTATGMTMGTCACTTGCCTATTTGTTTGGTTTTC 

TATTTTCTTGATCTGGATCTTACCACG 


4906 


CTTATTCAIAGAGAAGA 


4907 


TCTTCTCTATGAATAAG 


4908 
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Male-sterile 
DEF4 

Solanum tuberosum 

Arg24Term 

AGA-TGA 


GGTAAGATCCAGATCAAGAAAATAGAAAACCAAACAAATAGGCAAG 
TGACTTATTCAAAGTGAAGAAATGGGCTATTCAAGAAGGCTAATGA 
ACTTACAGTTCTTTGTGATGCTAAAGTTT 


4909 


AMCTTTAGCATCACAAAGAACTGTAAGTTCATTAGCCTTCTTGAAT 
AGCCCAmCTTCACmGAATAAGTCACTTGCCTATTTGTTTGGn 

TTPTAT I'll PTTRATnTGGATfTTTAtY! 


4910 


ATTCAAAGIGAAGAAAT 


4911 


ATTTCTTCACTTTGAAT 


4912 


Male-sterile 
AP3 

LvcoDersicon 
escu/enft/m 
Gly27Term 
GGA-TGA 


GCTMTGMCTTACTGTTCTTTGTGATGCTAAAGTTTCAATTGTTAT 
GATTTCTAGTACTTGAAAACTTCATGAGTTTATAAGTCCCTCTATCA 
CGACCAAACAATTGTTCGATCTGTACC 


4913 


GGTACAGATCGAACAATTGTTTGGTCGTGATAGAGGGACTTATAAA 
CTCATGAAGI 1 1 1 CAAGTACTAGAAATCATAACAATTGAAACTTTAG 
CATCACAAAGAACAGTAAGTTCATTAGC 


4914 


CTAGTACTTGAAAACTT 


4915 


AAGTTTTCAAGTACTAG 


4916 


Male-sterile 
AP3 

Lycopersicon 
esculentum 
Lys28Term 
AAA-TAA 


MTGMCTTACTGTTCTTTGTGATGCTAMGTTTCAATTGTTATGAT 
TTCTAGTACTGGATAACTTCATGAGTTTATAAGTCCCTCTATCACGA 

PP A A A P A ATTrtTTPrt ATPTY2TAPP Art A 
L*L>n/v\OMM Moll L>On 1 U 1 V3 1 AL> wvjM 


4917 


TCTGGTACAGATCGAACAATTGTTTGGTCGTGATAGAGGGACTTAT 
AAACTCATGAAGTTATCCAGTACTAGAAATCATAACAATTGAAACTT 
TArtPATPAPAAAftAAPAGTAAGTTrJATT 


4918 


GTACTGGATAACTTCAT 


4919 


ATGAAGTTATCCAGTAC 


4920 


Male-sterile 
AP3 

Lycopersicon 
esculentum 
Glu31Term 
GAG-TAG 


ACTGnCTTTGTGATGCTAMGTnCMTTGTTATGATTTCTAGTAC 

TGGAAAACTTCATTAGTTTATAAGTCCCTCTATCACGACCAAACAAT 

TGTTCGATCTGTACCAGAAGACTATTG 


4921 


CAATAGTCTTCTGGTACAGATCGAACAATTGTTTGGTCGTGATAGA 

GGGACTTATAMCTAATGMGTTTTCCAGTACTAGAAATCATAACAA 

TTGAAACTTTAGCATCACAAAGAACAGT 


4922 


AACTTCATTAGTTTATA 


4923 


TATAAACTAATGAAGTT 


4924 


Male-sterile 
AP3 

esculentum 
Lys40Term 
AAA-TAA 


ATTGTTATGATTTCTAGTACTGGAAAACTTCATGAGTTTATAAGTCC 
CTCTATCACGACCIAACAATTGTTCGATCTGTACCAGAAGACTATT 
GGAGTTGATATTTGGACTACTCACTATG 


4925 


CATAGTGAGTAGTCCAAATATCAACTCCAATAGTCTTCTGGTACAG 
ATCGAACAATTGTTAGGTCGTGATAGAGGGACTTATAAACTCATGA 
AGTTTTCCAGTACTAGAAATCATAACAAT [ 


4926 


TCACGACCTAACAATTG 


4927 


CAATTGTTAGGTCGTGA 


4928 
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Male-sterile 
AP3 

inuCUfil auoUVUffl 

Tyr21Term 
TAC-TAG 


GGGGCGGGGGMGATTGAGATAAAGCGGATCGAGAACGCCAUUA 
ACAGGCAGGTGACCTAGTCCAAGCGCCGGTCGGGGATCATGAAG 

nnOVjuOuuOOnUu 1 unvuu 1 uu 1 w 1 V3wOrv\-»VjOw 


4929 


GGCGTCGCAGAGCACGGTGAGCTCCCGCGCCTTCTTCATGATCC 
CCGACCGGCGCTTGGACTAGGTCACCTGCCTGTTGGTGGCGTTC 
TCGATCCfiCTTTATCTCAATCTTCCCCCGCCCC 


4930 


GTGACCTAGTCCAAGCG 


4931 


CGCTTGGACTAGGTCAC 


4932 


Male-sterile 
AP3 

Wcum aestivum 

Lys23Term 

AAG-TAG 


CGGGGGAAGATTGAGATAAAGCGGATCGAGAACGCCACCAACAG 
GCAGGTGACCTACTCCIAGCGCCGGTCGGGGATCATGAAGAAGG 
CGCGGGAGCTCACCGTGCTCTGCGACGCCCAGG 


4933 


CCTGGGCGTCGCAGAGCACGGTGAGCTCCCGCGCCTTCTTCATG 
ATCCCCGACCGGCGCTAGGAGTAGGTCACCTGCCTGTTGGTGGC 

f>TTrTf PATffPP 1 1 1 ATPTf^A ATPTTPfw^fv 
ol 1 0 1 Ow\ 1 1 1 IAILIOAAIOI lOOlAAsU 


4934 


CCTACTCCIAGCGCCGG 


4935 | 


CCGGCGCTAGGAGTAGG 


4936 j 


Male-sterile 
AP3 

inucum dBSiivuni 

Ser26Term 

TCG-TAG 


TTGAGATAAAGCGGATCGAGAACGCCACCAACAGGCAGGTGACCT 
ACTCCAAGCGCCGGTAGGGGATCATGAAGAAGGCGCGGGAGCTC 

APPftTfVTrTftrftArftPPf^AftftTPfirPATr'AT 


4937 


ATGATGGCGACCTGGGCGTCGCAGAGCACGGTGAGCTCCCGCGC 

CTTCTTCATGATCCCCTACCGGCGCTTGGAGTAGGTCACCTGCCT 

fiTTfiftTRRrfiTTnTnfiATnnfinTTTATnTnAA 


4938 


GCGCCGGTAGGGGATCA 


4939 


TGATCCCCIACCGGCGC 


4940 


Male-sterile 
AP3 

/ fnicuni auSuvuiTi 

Lys30Term 

AAG-TAG 


CGGATCGAGAACGCCACCAACAGGCAGGTGACCTACTCCAAGCG 
CCGGTCGGGGATCATGIAGAAGGCGCGGGAGCTCACCGTGCTCT 
firfiArGprrARfiTPRrrATrATrATftTTrTrrT 


4941 


AGGAGAACATGATGATGGCGACCTGGGCGTCGCAGAGCACGGTG 
AGCTCCCGCGCCTTCTACATGATCCCCGACCGGCGCTTGGAGTA 

A ATA A AATArtATA | 1 A AT A/-\ A A 1 1 AJAAATAAA 

GGTCACCTGCCTuTTooTouOoTTOl OoATULb 


4942 


GGATCATGTAGAAGGCG 


4943 


CGCCTTCTACATGATCC 


4944 


Male-sterile 
Silkyi 
Zea mays 
Tyr21Term 
TAC-TAG 


GGGGCGCGGCMGATCGAGATCAAGCGGATCGAGAACGUCAUCA 

ACCGCCAGGTGACCTAGTCCAAGCGCCGGACGGGGATCATGAAG 

a a ppp a pppp a pptp a ppptpptpty^pp a pp»pp 
AAboOAUbObAbO 1 LrAOLrb 1 1 U 1 oLroALFoUl/ 


4945 


GGCGTCGCAGAGCACGGTGAGCTCGCGTGCCTTCTTCATGATCC 
CCGTCCGGCGCTTGGACTAGGTCACCTGGCGG7TGGTGGCGTTC 
TCGATCCGCTTGATCTCGATCTTGCCGCGCCCC 


4946 


GTGACCTAGTCCAAGCG 


4947 


CGCTTGGACTAGGTCAC 


4948 
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Male-sterile 
Silkyi 
Zea mays 
Lys23Term 
AAG-TAG 


CGCGGCAAGATCGAGATCAAGCGGATCGAGAACGCCACCAACCG 
CCAGGTGACCTACTCCIAGCGCCGGACGGGGATCATGAAGAAGG 
CACGCGAGCTCACCGTGCTCTGCGACGGOGACab 


4949 


CCTGGGCGTCGCAGAGCACGGTGAGCTCGCGTGCCTTCTTCATG 
ATCCCCGTCCGGCGCTAGGAGTAGGTCACCTGGCGGTTGGTGGC 
oTTOlL-bAIOLoOl loAlOlUoAIOI HjOOoL-o 


4950 


CCTACTCCIAGCGCCGG 


4951 


CCGGCGCTAGGAGTAGG 


4952 


Male-sterile 
Silkyi 

Lua mayo 

Lys30Term 
AAG-TAG 


CGGATCGAGAACGCCACCAACCGCCAGGTGACCTACTCCAAGCG 
CCGGACGGGGATCATGIAGAAGGCACGCGAGCTCACCGTGCTCT 


4953 


AGGAGAACATGATGATGGCGACCTGGGCGTCGCAGAGCACGGTG 
AGCTCGCGTGCCTTCTACATGATCCCCGTCCGGCGCTTGGAGTAG 


4954 


GGATCATGIAGAAGGCA 


4955 


TGCCTTCTACATGATCC 


4956 


Male-sterile 
Silkyi 

/Lua mayo 

Lys31Term 
AAG-TAG 


ATCGAGAACGCCACCAACCGCCAGGTGACCTACTCCAAGCGCCG 
GACGGGGATCATGAAGIAGGCACGCGAGCTCACCGTGCTCTGCG 
APfirrrAfi^TPfirrATrATrATfiTTrTrrTPrA 


4957 


TGGAGGAGAACATGATGATGGCGACCTGGGCGTCGCAGAGCACG 
GTGAGCTCGCGTGCCTACTTCATGATCCCCGTCCGGCGCTTGGA 

at » OPTO A ^^TO^OrT*TTAr*TO/^^/^TT^T^P AT 

GTAGGTCACCTGGCGGTTGGTGGOGTTGTOfc>AT 


4958 


TCATGAAGTAGGCACGC 


4959 


GCGTGCCTACTTCATGA 


4960 | 


Male-sterile 
AP3 

KjiyZa ball v a 

LysSTerm 
AAG-TAG 


GCTAGCTGCATTGTCCGGCGAGAGAGATAGCTGCTGCAGGGGGC 
GGCCATGGGGAGGGGCIAGATCGAGATCAAGCGGATCGAGAACG 
rr5ArrAArAfif?rAf5fiTRArrTArTrf5AARrRnr. 


4961 


GGCGCTTCGAGTAGGTCACCTGCCTGTTGGTCGCGTTCTCGATCC 

GCTTGATCTCGATCTAGCCCCTCCCCATGGCCGCCCCCTGCAGC 

Af5r > TATrTr , TPTrr;rrRr5ArAATr5PAr5r'TAftr 


4962 


GGAGGGGCIAGATCGAG 


4963 


CTCGATCTAGCCCCTCC 


4964 


Male-sterile 
AP3 

Otyza saliva 

Glu7Term 

GAG-TAG 


TGCATTGTCCGGCGAGAGAGATAGCTGCTGCAGGGGGCGGCCAT 

GGGGAGGGGCAAGATCIAGATCAAGCGGATCGAGAACGCGACCA 

a n a nnn a rrTp a ppt a ptw* a a HC s c s c*C k C±( s herein. 
AUAooUAob 1 UAUO 1 ALr 1 OVjAAbobLfOoU AUob 


4965 


CCGTGCGGCGCTTCGAGTAGGTCACCTGCCTGTTGGTCGCGTTCT 
CGATCCGCTTGATCTAGATCTTGCCCCTCCCCATGGCCGCCCCCT 
GCAGCAGCTATCTCTCTCGCCGGACAATGCA 


4966 


GCAAGATCIAGATCAAG 


4967 


CTTGATCTAGATCTTGC 


4968 
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Male-sterile 
AP3 

\JlyLO oauva 


GTCCGGCGAGAGAGATAGCTGCTGCAGGGGGCGGCCATGGGGA 
GGGGCAAGATCGAGATCIAGCGGATCGAGAACGCGACCAACAGG 
CAGGTGACCTACTCGAAGCGCCGCACGGGGATCA 


4969 


Lys9Term 
AAG-TAG 


TGATCCCCGTGCGGCGCTTCGAGTAGGTCACCTGCCTGTTGGTC 

GCGTTCTCGATCCGCTAGATCTCGATCTTGCCCCTCCCCATGGCC 

GCCCCCTGCAGCAGCTATCTCTCTCGCCGGAC 


4970 




TCGAGATCTAGCGGATC 


4971 




GATCCGCTAGATCTCGA 


4972 


Male-sterile 
AP3 

Oryza sstiva 


GAGAGATAGCTGCTGCAGGGGGCGGCCATGGGGAGGGGCAAGA 
TCGAGATCAAGCGGATCTAGAACGCGACCAACAGGCAGGTGACCT 

a^t/v^a Afw % cv^^Afw , /'V > ATY % ATY' > a Ar» a a/"**"* 
AO 1 ObAAbOoOLoUALbuuuAl LAI bAAbAAbb 


4973 


Glu12Term 
GAG-TAG 


CCTTCTTCATGATCCCCGTGCGGCGCTTCGAGTAGGTCACCTGCC 

TGTTGGTCGCGTTCTAGATCCGCTTGATCTCGATCTTGCCCCTCC 

CCATGGCCGCCCCCTGCAGCAGCTATCTCTC 


4974 




AGCGGATCIAGAACGCG 


4975 




CGCGTTCTAGATCCGCT 


4976 


Table 15 

Oligonucleotides to produce male-sterile plants 


; Phenotype,Gene ( 

|l||pt:&;targ : e!|||| 


; - - . AfteringOflgos - ■ 


SEOJD 

m . 


Male-sterile 
AG 

Arabidopsis thaliana 


ICIGIACIAAICAAAI 1 1 IGCCCIAAACGI 1 1 1 IGGCI 1 IGGAGCA 
GCAATCACGGCGTAGCAATCGGAGCTAGGAGGAGATTCCTCTCC 
CTTGAGGAAATCTGGGAGAGGAAAGATCGAA 


4977 


Tyr35Term 
TAC-TAG 


TTCGATCTTTCCTCTCCCAGATTTCCTCAAGGGAGAGGAATCTCCT 
CCTAGCTCCGATTGCTACGCCGTGATTGCTGCTCCAAAGCCAAAA 
ACGTTTAGGGCAAAATTTGATTAGTACAGA 


4978 




ACGGCGTAGCAATCGGA 


4979 




TCCGATTGCTACGCCGT 


4980 


Male-sterile 
AG 

Arabidopsis thaliana 


CTGTACTAATCAAAI 1 1 IGCCCIAAACGI 1 1 1 IGGCI 1 IGGAGCAG 
CAATCACGGCGTACTAATCGGAGCTAGGAGGAGATTCCTCTCCCT 
TGAGGAAATCTGGGAGAGGAAAGATCGAAA 


4981 


Gln36Term 
CAA-TAA 


TTTCGATCTTTCCTCTCCCAGATTTCCTCAAGGGAGAGGAATCTCC 
TCCTAGCTCCGATTAGTACGCCGTGATTGCTGCTCCAAAGCCAAA 
AACGTTTAGGGCAAAATTTGATTAGTACAG 


4982 




CGGCGTACTAATCGGAG 


4983 




CTCCGATTAGTACGCCG 


4984 
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' , 


SEQiD 

lillll 


Male-sterile 

AG | 
Arabidopsis thaliana 


ACTAATCAAAI 1 1 IGCCCTAAACGI 1 1 1 1 GGCTTTGGAGCAGCAAT 
CACGGCGTACCAATAGGAGCTAGGAGGAGATTCCTCTCCCTTGA 
GGAAATCTGGGAGAGGAAAGATCGAAATCAA 


4985 


Ser37Term ! 
TCG-TAG 


TTGATTTCGATCTTTCCTCTCCCAGATTTCCTCAAGGGAGAGGAAT 
CTCCTCCTAGCTCCIATTGGTACGCCGTGATTGCTGCTCCAAAGC 
CAAAAACGTTTAGGGCAAAATTTGATTAGT 


4986 




GTACCAATAGGAGCTAG 


4987 




CTAGCTCCTATTGGTAC 


4988 


Male-sterile 
AG 

Arabidopsis thaliana 


IAAICAAAI 1 1 IGCOCIAAACGI 1 1 1 IGGCI 1 1 GGAGCAGCAATCA 

CGGCGTACCAATCGIAGCTAGGAGGAGATTCCTCTCCCTTGAGGA 

AATCTGGGAGAGGAAAGATCGAAATCAAAC 


4989 


Glu38Term 
GAG-TAG 


GTHGATTTCGATCTTTCCTCTCCCAGATTTCCTCAAGGGAGAGGA 

ATCTCCTCCTAGCTACGATTGGTACGCCGTGATTGCTGCTCCAAA 

GCCAAAAACGTTTAGGGCAAAATTTGATTA 


4990 




ACCAATCGJAGCTAGGA 


4991 




TCCTAGCTACGATTGGT 


4992 


Male-sterile 
AG 

Brassica napus 


CTCTCCCACTIGI 1 1 1 CGG 1 .GGTTTATTCATTTGGTGACGATATCA 

CAGAAGCAATGGATTAAGGTGGGAGTAGTCACGATGCAGAGAGTA 

GCAAGAAGATAGGTAGAGGGAAGATAGAGA 


4993 


Glu3Term 
GAA-TAA 


TCTCTATCTTCCCTCTACCTATCTTCTTGCTACTCTCTGCATCGTG 
ACTACTCCCACCTTAATCCATTGCTTCTGTGATATCGTCACCAAAT 
GAATAAACCACCGAAAAGAAGTGGGAGAG 


4994 




CAATGGATIAAGGTGGG 


4995 




CCCACCTTAATCCATTG 


4996 i 


Male-sterile 
AG 

Brassica napus 


TATTCATTTGGTGACGATATCACAGAAGCAATGGATGAAGGTGGG 

AGTAGTCACGATGCAIAGAGTAGCAAGAAGATAGGTAGAGGGAAG 

ATAGAGATAAAGAGGATAGAGAACACAACAA 


4997 


Glu11Term 
GAG-TAG 


TTGTTGTGTTCTCTATCCTCTTTATCTCTATCTTCCCTCTACCTATC 
TTCTTGCTACTCTATGCATCGTGACTACTCCCACCTTCATCCATTG 
CTTCTGTGATATCGTCACCAAATGAATA 


4998 




ACGATGCATAGAGTAGC 


4999 




GCTACTCTATGCATCGT 


5000 


Male-sterile 
AG 

Brassica napus 


GGTGACGATATCACAGAAGCAATGGATGAAGGTGGGAGTAGTCA 

CGATGCAGAGAGTAGCTAGAAGATAGGTAGAGGGAAGATAGAGAT 

AAAGAGGATAGAGAACACAACAAATCGTCAAG 


5001 


Lys14Term 
AAG-TAG 


CTTGACGATTTGTTGTGTTCTCTATCCTCTTTATCTCTATCTTCCCT 
CTACCTATCTTCTAGCTACTCTCTGCATCGTGACTACTCCCACCTT 
CATCCATTGCTTCTGTGATATCGTCACC 


5002 




AGAGTAGCJAGAAGATA 


5003 




TATCTTCTAGCTACTCT 


5004 
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r IPhfenotype, G^nll! 
Alteration 


- ! - - ? ' 5 ' - " ; > :> V'- 


11111 
lilt 


Male-sterile 
AG 

Brassica napus 


GACGATATCACAGAAGCAATGGATGAAGGTGGGAGTAGTCACGAT 
GCAGAGAGTAGCAAGTAGATAGGTAGAGGGAAGATAGAGATAAAG 

A AX AX A "T" A AX A A'N A A AX A AX A A AX AAA T/\A\T^ A A A*\"T" A A 

AGGATAGAGAACACAACAAATCGTCAAGTAA 


5005 


Lys15Term 
AAG-TAG 


nACTTGACGATTTGTTGTGTTCTCTATCCTCTTTATCTCTATCTTC 

CCTCTACCTATCTACTTGCTACTCTCTGCATCGTGACTACTCCCAC 

CTTCATCCATTGCTTCTGTGATATCGTC 


5006 




GTAGCAAGTAGATAGGT 


5007 




ACCTATCTACTTGCTAC 


5008 


Male-sterile 
AG 

Lycopersicon 


CMCCAAAAMCTTAAAMTCTTCTCTTTCCTTTCCTTACAAGGTGA 
AGTAATGGACTTCIAAAGTGATCTAACCAGAGAGATCTCACCACAA 
AGGAAACTAGGAAGGGGGAAAATTGAGA 


5009 


esculentum 

Glu4Term 

CAA-TAA 


ICICAAI 1 1 ICCCCCI ICCIAGI 1 1 CCTI TGTGGTGAGATCTCTCT 
GGTTAGATCACTTTAGAAGTCCATTACTTCACCTTGTAAGGAAAGG 
AAAGAGAAGAI 1 1 1 IAAGI 1 1 1 1 IGGTTG 


5010 




TGGACTTCJAAAGTGAT 


5011 




ATCACTTTAGAAGTCCA 


5012 


Male-sterile 
AG 


AAMTCTTCTCTTTCCTrTCCTTACAAGGTGAAGTAATGGACTTCC 
AAAGTGATCTAACCIGAGAGATCTCACCACAAAGGAAACTAGGAA 
GfiftfiftAAAATTfSAfiATrAAAAGGATCGAAA 


5013 


esculentum 

Arg9Term 

AGA-TGA 


1 1 ICGAICGI 1 1 IGAICICAAI 1 1 ICCCCCI ICCIAGI 1 ICCTITGT 
GGTGAGATCTCTCAGGTTAGATCACTTTGGAAGTCCATTACTTCAC 
CTTGTAAGGAAAGGAAAGAGAAGATTTT 


5014 




ATCTAACCTCAGAGATC 


; 5015 




GATCTCTCAGGTTAGAT 


5016 


Male-sterile 
AG 

Lycopersicon 


ATCnCTCTTTCCTTTCCTTACAAGGTGAAGTAATGGACTTCCAAA 
GTGATCTAACCAGATAGATCTCACCACAAAGGAAACTAGGAAGGG 
GGAAAATTGAGATCAAAAGGATCGAAAACA 


5017 


esculentum 
GlulOTerm 
GAG-TAG 


IGI 1 1 ICGAICGI 1 1 IGAICICAAI 1 1 ICCCCCI ICCIAGTTTCCTT 
TGTGGTGAGATCTATCTGGTTAGATCACTTTGGAAGTCCATTACTT 
CACCTTGTAAGGAAAGGAAAGAGAAGAT 


5018 




TAACCAGATAGATCTCA 


5019 




TGAGATCTATCTGGTTA 


5020 


Male-sterile 
AG 

Lycopersicon 


CTTTCCTTTCCTTACAAGGTGAAGTAATGGACTTCCAAAGTGATCT 

AACCAGAGAGATCTGACCACAAAGGAAACTAGGAAGGGGGAAAAT 

TGAGATCAAAAGGATCGAAAACACGACGAA 


5021 


esculentum 
Ser12Term 
TCA-TGA 


nCGTCGTGTTTTCGATCCTTTTGATCTCMTTTTCCCCCTTCCTA 

GTTTCCTTTGTGGTCAGATCTCTCTGGTTAGATCACTTTGGAAGTC 

CATTACTTCACCTTGTAAGGAAAGGAAAG 


5022 




AGAGATCTGACCACAAA 


5023 
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• • 

HOt 




TTTGTGGTCAGATCTCT 


5024 


Male-sterile 
NAG1 

Nicotiana tabacufn 


GIACICICIAI 1 1 ICAICI ICCAACCCI 1 ICI 1 1 CCTTACCAGGTGA 
AAGTATGGACTTCIAAAGTGATCTAACAAGAGAGATCTCTCCACAA 
AGGAAACTGGGAAGAGGAAAGATTGAGA 


5025 ! 


Gln4Term 
CAA-TAA 


TCTCAATCTTTCCTCnCCCAGTTTCCTTTGTGGAGAGATCTCTCT 
TGTTAGATCACTTTAGAAGTCCATACTTTCACCTGGTAAGGAAAGA 
AARRRTTRRAARATRAAAATARARARTAr, 


5026 




TGGACTTCTAAAGTGAT 


5027 




ATCACTTTAGAAGTCCA 


5028 


Male-sterile 
NAG1 

Nicotidna tabacufn 


atcttccmccctttctttccttaccaggtgaaagtatggacttCc 
aaagtgatctaacatgagagatctctccacaaaggaaactgggaa 

bAbbAAAbAI 1 bAbAIOAAAUbbAI ObAAA 


5029 


Arg9Term 
AGA-TGA 


TTTCGATCCGTnGATCTCMTCTTrCCTCTTCCCAGTTTCCTTTGT 
GGAGAGATCTCTCATGTTAGATCACTTTGGAAGTCCATACTTTCAC 
PTGGTAAGGAAAGAAAGGGTTGGAAGAT 


5030 




atctaacaigagagatc 


5031 




gatctctcatgttagat 


5032 


Male-sterile 
NAG1 

hfimfiana fahanim 


ttccmccctttctttccttaccaggtgaaagtatggacttccaaa 
gtgatctaacaagaiagatctctccacaaaggaaactgggaagag 
gaaagattgagatcaaacggatcgaaaaca 


5033 


GlulOTerm 
GAG-TAG 


TGTmCGATCCGTTTGATCTCAATCTTTCCTCTTCCCAGTTTCCn 
TGTGGAGAGATCTATCTTGTTAGATCACTTTGGAAGTCCATACTTT 
RArRTRRTAARRAAARAAAfifiRTTRRAA 


5034 




TAACAAGATAGATCTCT 


5035 j 




AGAGATCTATCTTGTTA 


5036 


Male-sterile 
NAG1 

iviuuuaiici lauabum 


CTTTCCTTACCAGGTGAAAGTATGGACTTCCAAAGTGATCTAACAA 
GAGAGATCTCTCCAIAAAGGAAACTGGGAAGAGGAAAGATTGAGA 
TrAAACRRATCRAAAACACAACGAATCGTC 


5037 


Gln14Term 
CAA-TAA 


GACGATTCGTTGTG 1 1 1 1 CGATCCGTTTGATCTCAATCTTTCCTCT 
TCCCAGTnCCTTTATGGAGAGATCTCTCTTGTTAGATCACTTTGG 

AAfSTrrATAfTTTPARrTRRTAARRAAAR 


5038 




TCTCTCCATAAAGGAAA 


5039 




TTTCCTTTATGGAGAGA 


5040 


Male-sterile 
AG 

nUoo uyuiiUct 


GCCTATGAAAACAAACCCAACACGGTCCTGGACGCTGATGCCCAA 
AGAAGATTGGGAAGGIGAAAGATCGAGATCAAGCGGATCGAAAAC 

ARrArrAATRRTPAARTrArrTTrTRRAAAA 


5041 


Gly22Term 
GGA-TGA 


1 1 1 1 GCAGAAGG IGACI 1 GACGA 1 IGGIGGIGI 1 1 1 CGATCCGCT 

TGATCTCGATCTTTCACCTTCCCAATCTTCTTTGGGCATCAGCGTC 

CAGGACCGTGTTGGGTTTGTTTTCATAGGC 


5042 




TGGGAAGGTGAAAGATC 


5043 




GATCTTTCACCTTCCCA 


5044 
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- v - \,\X ' - - 


.. -Xr'v. :; 

: ;- .' •• 


■ * ■ I 

yyyy.-. <:■::■. y.j 


iSEQID 

[ NO; 

:;>::>v;:S.:>:::;:;::-S>^ 


Male-sterile 
AG 

Rosa hybrida 

Lys23Term 

AAG-TAG 


TATGAAAACAAACCCAACACGGTCCTGGACGCTGATGCCCAAAGA 

AGATTGGGAAGGGGATAGATCGAGATCAAGCGGATCGAAAACAC 

CACCAATCGTCAAGTCACCTTCTGCAAAAGGC 


5045 


GCCTTrTGCAGMGGTGACnGACGAnGGTGGTGTTTTCGATCC 

GCTTGATCTCGATCTATCCCCTTCCCAATCTTCTTTGGGCATCAGC) 

GTCCAGGACCGTGTTGGGTTTGTTTTCATA 


5046 


GAAGGGGATAGATCGAG 


5047 


CTCGATCTATCCCCTTC 


5048 


Male-sterile 
AG 

Rosa hybrida 

Glu25Term 

GAG-TAG 


AACAAACCCAACACGGTCCTGGACGCTGATGCCCAAAGAAGATTG 
GGAAGGGGAAAGATCTAGATCAAGCGGATCGAAAACACCACCAAT 
CGTCAAGTCACCTTCTGCAAAAGGCGCAATG 


5049 


CAnGCGCCTmGCAGMGGTGACTTGACGATTGGTGGTGTTTT 

CGATCCGCTTGATCTAGATCTTTCCCCTTCCCAATCTTCTTTGGGC 

ATCAGCGTCCAGGACCGTGTTGGGTTTGTT 


5050 


GAAAGATCIAGATCAAG 


5051 


CTTGATCTAGATCTTTC 


5052 


Male-sterile 
AG 

Rosa hybrida 

Lys27 

AAG-TAG 


CCCAACACGGTCCTGGACGCTGATGCCCAAAGAAGATTGGGAAG 

GGGAAAGATCGAGATCTAGCGGATCGAAAACACCACCAATCGTCA 

AGTCACCTTCTGCAAAAGGCGCAATGGTTTGC 


5053 


GCAMCCATTGCGCCTTTTGCAGAAGGTGACTTGACGATTGGTGG 
TGTTTTCGATCCGCTAGATCTCGATCTTTCCCCTTCCCAATCTTCT 
TTGGGCATCAGCGTCCAGGACCGTGTTGGG 


5054 


TCGAGATCTAGCGGATC 


5055 


GATCCGCTAGATCTCGA 


5056 


Male-sterile 
far 

Antirrhinum majus 

Gln7Term 

CAA-TAA 


CAAIIGCCIGI 1 1 1 IAI 1 1 1 1 1 1 ICI 1 1 1 1 GAC 1 AAGTAGAAATGGC 

GTCTCTAAGCGATTAATCGACCGAGGTATCGCCCGAGAGGAAAAT 

CGGGAGAGGAMGATCGAGATCAAACGGA 


5057 


TCCGmGATCTCGATCTTTCCTCTCCCGATTTTCCTCTCGGGCGA 
TAnCTCGGTCGATTAATCGCTTAGAGACGCCATTTCTACTTAGTCA 
AAAAGAAAAAAAATAAAAACAGGCAATTG 


5058 


TAAGCGATTAATCGACC 


5059 


GGTCGATTAATCGCTTA 


5060 


Male-sterile 
far 

Antirrhinum majus 

GlulOTerm 

GAG-TAG 


GTI 1 1 IAI 1 1 1 1 1 1 ICI 1 1 1 IGACTAAGTAGAAATGGCGTCTCTAAG 
CGATCAATCGACCIAGGTATCGCCCGAGAGGAAAATCGGGAGAG 
GAAAGATCGAGATCAAACGGATCGAAAACA 


5061 


TGTTTTCGATCCGTTTGATCTCGATCTnCCTCTCCCGATTTTCCT 

CTCGGGCGATACCTAGGTCGATTGATCGCTTAGAGACGCCATTTC 

TACTTAGTCAAAAAGAAAAAAAATAAAAAC 


5062 


AATCGACCTAGGTATCG 


5063 


CGATACCTAGGTCGATT 


5064 
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Phenotype. Gene, 
plant & Targeted . , 




• 


Male-sterile 
far 


rTTCTTTI IGACIAAGIAGAAAIGGCGICICIAAGCGAICAAIOiA 
CCGAGGTATCGCCCTAGAGGAAAATCGGGAGAGGAAAGATCGAG 


5065 


RWunmUm waJUS 


ATP A AAPPPATPf^AAAAPA A A APAAATPAAP 
A 1 OAAAobbA 1 ObAAAAOAAAAOAAA 1 OAAL» 




oiui4ierin 


GTTGAl 1 iGl 1 1 iGl 1 1 ICGATCCGI 1 1 GATCTCGATCTTTCCTCTC 


506b 


GAG-TAG 


CCGATTTTCCTCTAGGGCGATACCTCGGTCGATTGATCGCTTAGA 
GACGCCAl 1 1 CTACTTAGTCAAAAAGAAA 






TATCGCCCTAGAGGAAA 


5067 




TTTCCTCTAGGGCGATA 


5068 


Male-sterile 


TTTGACTAAGTAGAAATGGCGTCTCTAAGCGATCAATCGACCGAG 


5069 


far 

nfi trtrLy mil rvt *<V1 nil im 

Aniirrninum msjus 


GTATCGCCCGAGAGGJAAATCGGGAGAGGAAAGATCGAGATCAA 

A PPP ATP P A A A A P A A A A P A A A TP A A P A PPTT A 

AObbA J UbAAAAOAAAAOAAA 1 OAAUAbb J 1 A 




Lys16Term 
AAA-TAA 


TMCCTGTTGATTTGTTnGTTTTCGATCCGTlTGATCTCGATCTTT 
CCTCTCCCGATTTACCTCTCGGGCGATACCTCGGTCGATTGATCG 

r a f\ a f \ a AnAA a tttat A ATT A OTA AAA 

CTTAGAGACGCCATTTCTACTTAGTCAAA 


5070 




CCGAGAGGIAAATCGGG 


5071 




CCCGATTTACCTCTCGG 


5072 


Male-sterile 
AG 

LfUCUmiS SdtlVUS 


TGTCCAAGCATTATCAGTCACCACTCACAAGAATGATTAAGGAAGA 
AGGAAAGGGTAAGTAGCAAATAAAGGGGATGnCCAGAATCAAGA 

AoAuAAIjA 1 (j 1 OAuAO 1 OoUU 1 UAoAooAA 


5073 


Leu21Term 


TTCCTCTGAGGCGAGTCTGACATCTTCTCTTCTTGATTCTGGAACA 


5074 


TTG-TAG 


TCCCCTTTATTTGCIACnACCCTnCCTTCTTCCTTAATCATTCTT 
GTGAGTGGTGAOTGATAATGCTTGGACA 






GGGTAAGTAGCAAATAA 


5075 




TTATTTGCIACTTACCC 


5076 


Male-sterile 
AG 

Cucumis sativus 


TCCAAGCATTATCAGTCACCACTCACAAGAATGATTAAGGAAGAAG 

GAAAGGGTAAGTTGIAAATAAAGGGGATGTTCCAGAATCAAGAAG 

AGAAGATGTCAGACTCGCCTCAGAGGAAGA 


5077 


Gln22Term 
CAA-TAA 


TCTTCCTCTGAGGCGAGTCTGACATCTTCTCTTCTTGATTCTGGAA 
CATCCCCTTTATTTACMCnACCCTTTCCnCTTCCTTAATCATTC 

■■ i ATA A ATAATO A ATA A T A A TA ATT A A A 

TTGTGAGTGGTGACTGATAATGCTTGGA 


5078 




GTAAGTTGIAAATAAAG 


5079 




CTTTATTTACAACTTAC 


5080 


Male-sterile 
AG 

Cucumis sativus 


CATTATCAGTCACCACTCACAAGAATGATTAAGGAAGAAGGAAAG 
GGTAAGTTGCAAATAIAGGGGATGTTCCAGAATCAAGAAGAGAAG 

A TATA A A A ATA A A ATA A A A A A A A A ATA AAA A 

ATGTCAGACTCGCCTCAGAGGAAGATGGGAA 


5081 


Lys24Term 
AAG-TAG 


TTCCCATCTTCCTCTGAGGCGAGTCTGACATCTTCTCTTCTTGATT 
CTGGMCATCCCCTATATTTGCAACTTACCCTTTCCTTCTTCCTTA 
ATCATTCTTGTGAGTGGTGACTGATAATG 


5082 




TGCAAATATAGGGGATG 


5083 




CATCCCCTATATTTGCA 


5084 
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Phenotype, Gone, 
cPi^rit& Targeted 
Alteration. 


, ' ' ' - . • J&tt 


■ 

SEQID 
NO: 


Male-sterile 
AG 

Cucumis sativus 


CCACTCACAAGAATGATTAAGGAAGAAGGAAAGGGTAAGTTGCAA 
ATAAAGGGGATGTTCIAGAATCAAGAAGAGAAGATGTCAGACTCG 

00 1 OAbAbbAAbA 1 bbbAAbAbuAAAbA 1 1 o 


5085 


Gln28Term 
CAG-TAG 


CAATCTTTCCTCTTCCCATCTTCCTCTGAGGCGAGTCTGACATCTT 
CTCTTCTTGAnCTAGMCATCCCCTTTATTTGCAACTTACCCTTTC 
CTTCTTCCTTAATCATTCTTGTGAGTGG 


5086 




GGATGTTCTAGAATCAA 


5087 




TTGATTCTAGAACATCC 


5088 


Male-sterile 
AG 

Zea mays 


CCACCACCACCACCACCACCACCACCACACCATGCTCAACATGAT 
GACTGATCTGAGCTGAGGGCCGTCGTCCAAGGTCAAGGAGCAGG 

"t*/"\/">/"\/""\/""%oooooooo a f^r^r^f^f^Tr^r^f^r*/* 1 /^ a o a oo 
TGGCGGCGGCGCCGAObbbO 1 OObbObAOAbb 


5089 


CyslOTerm 
TGC-TGA 


CCTGTCGCCGGAGCCCGTCGGCGCCGCCGCCACCTGCTCCTTG 

ACCTTGGACGACGGCCCICAGCTCAGATCAGTCATCATGTTGAGC 

ATGGTGTGGTGGTGGTGGTGGTGGTGGTGGTGG 


5090 




CTGAGCTGAGGGCCGTC 


5091 




GACGGC.CCICAGCTCAG 


5092 


Male-sterile 
AG 

Zea mays 


ACCACCACCACCACCACCACACCATGCTCAACATGATGACTGATC 
TGAGCTGCGGGCCGTAGTCCAAGGTCAAGGAGCAGGTGGCGGC 
GGCGCCGACGGGCTCCGGCGACAGGCAGGGGCA 


5093 


Ser13Term 
TCG-TAG 


TGCCCCTGCCTGTCGCCGGAGCCCGTCGGCGCCGCCGCCACCT 

GCTCCTTGACCTTGGACIACGGCCCGCAGCTCAGATCAGTCATCA 

TGTTGAGCATGGTGTGGTGGTGGTGGTGGTGGT 


5094 




CGGGCCGTAGTCCAAGG 


5095 




CCTTGGACTACGGCCCG 


5096 


Male-sterile 
AG 

Zea mays 


CACCACCACCACCACACCATGCTCAACATGATGACTGATCTGAGC 
TGCGGGCCGTCGTCCIAGGTCAAGGAGCAGGTGGCGGCGGCGC 
CGACGbbOTCCGbObAOAbbOAbbbbOAbbbbA 


5097 


Lys15Term 
AAG-TAG 


TCCCCTGCCCCTGCCTGTCGCCGGAGCCCGTCGGCGCCGCCGC 
CACCTGCTCCTTGACCTAGGACGACGGCCCGCAGCTCAGATCAG 
TCATCATGTTGAGCATGGTGTGGTGGTGGTGGTG 


5098 




CGTCGTCCTAGGTCAAG 


5099 




CTTGACCTAGGACGACG 


5100 


Male-sterile 
AG 

Zea mays 


CACCACCACACCATGCTCAACATGATGACTGATCTGAGCTGCGGG 
CCGTCGTCCAAGGTCTAGGAGCAGGTGGCGGCGGCGCCGACGG 
GCTCCGGCGACAGGCAGGGGCAGGGGAGAGGCA 


5101 


Lys17Term 
AAG-TAG 


TGCCTCTCCCCTGCCCCTGCCTGTCGCCGGAGCCCGTCGGCGC 

CGCCGCCACCTGCTCCTAGACCTTGGACGACGGCCCGCAGCTCA 

GATCAGTCATCATGTTGAGCATGGTGTGGTGGTG 


5102 




CCAAGGTCTAGGAGCAG 


5103 




CTGCTCCTAGACCTTGG 


5104 
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HiiliipeiiiBI 

1111111 




SEQID 


Male-sterile 
AG 

Zeamays 
Arg4Term 
CGA-TGA 


ICCIACCI 1 1 rCTCCTTCAGACCTCAAAATCTGTGTGATAGGAACA 
AGAGCATGCACATCTGAGAAGAGGAGGCTACACCATCCACAGTAA 
CAGGCATCATGTCGACCCTGACTTCGGCGG 


5105 


CCGCCGAAGTCAGGGTCGACATGATGCCTGTTACTGTGGATGGT 
GTAGCCTCCTCTTCTCAGATGTGCATGCTCTTGTTCCTATCACACA 
GAI 1 1 1 GAGGTCTGAAGGAGAAAAGGTAGGA 


5106 


TGCACATCTGAGAAGAG 


5107 


CTCTTCTCAGATGTGCA 


5108 


Male-sterile 
AG 

Zeamays 
Glu5Term 
GAA-TAA 


taccttttctccttcagacctcaaaatctgtgtgataggAacaaga 
gcatgcacatccgataagaggaggctacaccatccacagtaacag 
gcatcatgtcgaccctgacttcggcggggc 


5109 


GCCCCGCCGAAGTCAGGGTCGACATGATGCCTGTTACTGTGGAT 
GGTGTAGCCTCCTCTTATCGGATGTGCATGCTCTTGTTCCTATCA 
CACAGAI 1 1 1 GAGGTCTGAAGGAGAAAAGGTA 


5110 


ACATCCGAIAAGAGGAG 


5111 


CTCCTCTTATCGGATGT 


5112 


Male-sterile 
AG 

Zea mays 
GluBTerm 
GAG-TAG 


CTTTTCTCCTTCAGACCTCAAAATCTGTGTGATAGGAACAAGAGCA 
TGCACATCCGAGAATAGGAGGCTACACCATCCACAGTAACAGGCA 
TCATGTCGACCCTGACTTCGGCGGGGCAGC 


5113 


GCTGCCCCGCCGAAGTCAGGGTCGACATGATGCCTGTTACTGTG 
GATGGTGTAGCCTCCTATTCTCGGATGTGCATGCTCTTGTTCCTA 
TCACACAGAI 1 1 1 GAGGTCTGAAGGAGAAAAG 


5114 


TCCGAGAATAGGAGGCT 


5115 


AGCCTCCTATTCTCGGA 


5116 


Male-sterile 
AG 

Zea mays 
Glu7Term 
GAG-TAG 


TTCTCCTTCAGACCTCAAAATCTGTGTGATAGGAACAAGAGCATGC 
ACATCCGAGAAGAGTAGGCTACACCATCCACAGTAACAGGCATCA 
TGTCGACCCTGACTTCGGCGGGGCAGCAGA 


5117 


TCTGCTGCCCCGCCGAAGTCAGGGTCGACATGATGCCTGTTACT 
GTGGATGGTGTAGCCTACTCTTCTCGGATGTGCATGCTCTTGTTC 
CTATCACACAGATTTTGAGGTCTGAAGGAGAA 


5118 


GAGAAGAGTAGGCTACA 


5119 


TGTAGCCTACTCTTCTC 


5120 


Male-sterile 
AG 

Oryzasativa 

Lys5Term 

AAG-TAG 


GCTGGGTCAGGATCGTCGGCGGCGGTGGCGGCGGGGAGCAGC 

GAGAAGATGGGGAGGGGGIAGATCGAGATAAAGCGGATCGAGAA 

CACGACGAACCGGCAGGTGACCTTCTGCAAGCGCC 


5121 


GGCGCTTGCAGAAGGTCACCTGCCGGTTCGTCGTGTTCTCGATC 
CGCTTTATCTCGATCTACCCCCTCCCCATCTTCTCGCTGCTCCCC 
GCCGCCACCGCCGCCGACGATCCTGACCCAGC 


5122 


GGAGGGGGTAGATCGAG 


5123 


CTCGATCTACCCCCTCC 


5124 | 
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Altering Qiigos 

.* - - - ; : , 


- : 

sea id ; 


: Alteration :. 


|' NO;, J 






Male-sterile l 
AG 1 
Oryza sativa i 


rCAGGATCGTCGGCGGCGGTGGCGGCGGGGAGCAGCGAGAAGA 
rGGGGAGGGGGAAGATCIAGATAAAGCGGATCGAGAACACGACG 
\ACCGGCAGGTGACCTTCTGCAAGCGCCGCAATG 


, 5125 


Glu7Term . ( 
GAG-TAG 

( 


3ATTGCGGCGCTTGCAGAAGGTCACCTGCCGGTTCGTCGTGTTC 
rCGATCCGCTTTATCTAGATCTTCCCCCTCCCCATCTTCTCGCTG 
DTCCCCGCCGCCACCGCCGCCGACGATCCTGA 


5126 


1 ( 


3GAAGATCIAGATAAAG 


5127 


( 


:tttatctagatcttcc 


5128 


Male-sterile 

AG i 
Oryza sativa I 


rCGTCGGCGGCGGTGGCGGCGGGGAGCAGCGAGAAGATGGGG 
\GGGGGAAGATCGAGATATAGCGGATCGAGAACACGACGAACCG 
3CAGGTGACCTTCTGCAAGCGCCGCAATGGCCTCC 


5129 


Lys9Term ( 
AAG-TAG ( 
( 


3GAGGCCATTGCGGCGCTTGCAGAAGGTCACCTGCCGGTTCGTC 

3tgttctcgatccgctatatctcgatcttccccctccccatcttc1 
:gctgctccccgccgccaccgccgccgacga 


5130 




rCGAGATAIAGCGGATC 


5131 


< 


3ATCCGCTATATCTCGA 


5132 


Male-sterile < 
AG / 
Oryza sativa < 


3CGGTGGCGGCGGGGAGCAGCGAGAAGATGGGGAGGGGGAAG 
^TCGAGATAAAGCGGATCTAGAACACGACGAACCGGCAGGTGAC 
37TCTGCAAGCGCCGCAATGGCCTCCTGAAGAAGG 


I 5133 


Glu12Term I 
GAG-TAG i 


XTTCTTCAGGAGGCCATTGCGGCGCTTGCAGAAGGTCACCTGC 
DGGTTCGTCGTGTTCTAGATCCGCTTTATCTCGATCTTCCCCCTC 
XCATCTTCTCGCTGCTCCCCGCCGCCACCGC 


5134 


i 


<\GCGGATCJ_AGAACACG 


5135 




CGTGTTCTAGATCCGCT 


5136 




Table 16 

Oligonucleotides to produce male-sterile plants 




< < 

i ? ; Altering Oligo* : 

' - r i; - 5 ; 1 / - - 1 ^ ; 


NO: 

• 


Male-sterile ( 
PI / 
Cucumis sativus ( 


SGGAAGAGGGAAMTAG^ 

\GACAAGTTACATAGTCAAAGAGAAGAAATGGTATCATCAAAAAAG 
XAAAGAAATTACTGTTCTTTGCGATGCT 


r 5137 


Tyr21Term 1 
TAT-TAG ' 1 


\GCATCGCAMGMCAGTMTnCTTTGGCTTTTTTGATGATACCA1 
ITCTTCTCTnGACTATGTAACTTGTCTATTGCTTGAGTTCTCTATT( 
TTTTATTTCTATTTTCCCTCTTCCC 


■ 5138 
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Phenotype, Gene, 
Plant & Targeted 


^ -V ■; : 


NO: 


?. ; . >{ Altering Oligos . : . 

* » ' * ~; * ' V. \;:. 




GTTACATAGTCAAAGAG 


5139 


CTCTTTGACTATGTAAC 


5140 


Male-sterile 
PI 

Cucumis sativus 

Ser22Term 

TCA-TGA 


GAAGAGGGAAAATAGAMTAAAAAGAATAGAGAACTCAAGCAATAG 
ACMGTTACATATTGAAAGAGAAGAAATGGTATCATCAAAAAAGCC 

AAA ^ A A A TT A /^T/^H " I'ATI 'TOO O A T/^OT^ A 

AMGAMTTACTGTTCTTTGCGATGCTCA 


5141 


TGAGCATCGCAMGMCAGTMTnCTTTGGCTTTTTTGATGATACC 
ATTTCTTCTCTTTCAATATGTAACTTGTCTATTGCTTGAGTTCTCTAT 

TP nTTTATTl PTA Mil PPPTPTTP 


5142 


TACATATTGAAAGAGAA 


5143 


TTCTCTTTCAATATGTA 


5144 


Male-sterile 
PI 

K/UCUIulS SallVUS 

Lys23Term 
AAG-TAG 


AGAGGGAAAATAGAAATAAAAAGAATAGAGAACTCAAGCAATAGAC 
AAGTTACATATTCATAGAGAAGAAATGGTATCATCAAAAAAGCCAAA 

Unm 1 1 1 O 1 1 \j 1 1 1 OVAJn 1 uu 1 V-»nf\V3 


5145 


CTTGAGCATCGCAMGMCAGTMTnCTTTGGCTTTTTTGATGATA 
CCATTTCTTCTCTATGAATATGTAACTTGTCTATTGCTTGAGTTCTC 
TAirri ii 1 1 a 1 1 icmai 1 1 ir.nr.Tf!T 


5146 


CATATTCATAGAGAAGA 


5147 


TCTTCTCTATGAATATG 


5148 


Male-sterile 
PI 

Pi tntimio cath/i ig 
KsULUIIUo oallvUo 

Arg24Term 
AGA-TGA 


GGGAAAATAGAAATAAAAAGAATAGAGAACTCAAGCAATAGACAAG 
TTACATATTCAAAGIGAAGAAATGGTATCATCAAAAAAGCCAAAGAA 
ATTArTftTTrTTTRrftATfinTnAARTTT 


5149 


AMCTTGAGCATCGCAMGMCAGTMTTTCTTTGGCTTTTTTGATG 
ATACCATnCTTCACTTTGAATATGTAACTTGTCTATTGCTTGAGTT 

r^Tf^T A TT^TTTTT A TTT^T A 1 1 1 1 

CTOTAuOl 1 1 I IAI 1 I0IAI 1 1 1000 


5150 


ATTCAAAGTGAAGAAAT 


5151 | 


ATTTCTTCACTTTGAAT 


5152 


Male-sterile 
PI 

IVIdlUS QOUieSuCd 

Tyr21Term 
TAC-TAG 


GGGACGTGGGMGGTTGAGATCAAGAGGAT 1 GAGAACTCAAGTAA 
CAGGCAGGTGACCTAGTCCAAGAGGAGGAATGGGATTATCAAGAA 
arzr a a a ncz a rs atp tnaTTn atystc at^pt 


5153 


AGCATCACATAGAACAGTGATCTCCTTTGCCTTCTTGATAATCCCA 
TTCCTCCTCTTGGACTAGGTCACCTGCCTGTTACTTGAGTTCTCAA 
TCCTCnGATCTCAACCTTCCCACGTCCC 


5154 


GTGACCTAGTCCAAGAG 


5155 


CTCTTGGACTAGGTCAC 


5156 
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liliiKilili 

Plant & Targeted 
Alteration 


< , ; . * - ;\... ..... > ,. ...... 


111:1! 


Male-sterile 
PI 

Malus domestica 

Lys23Term. 

AAG-TAG 


CGTGGGAAGGTTGAGATCAAGAGGATTGAGAACTCAAGTAACAGG 
CAGGTGACCTACTCCIAGAGGAGGAATGGGATTATCAAGAAGGCA 

A A AAA TV> A ATOTT^T A T/^TP ATPPT A A AP 

MGGAGATCACTGTTCTATGTGATGGTAAAG 


5157 


CTTTAGCATCACATAGAACAGTGATCTCCTTTGCCTTCTTGATAATC 
CCATTCCTCCTCTAGGAGTAGGTCACCTGCCTGTTACTTGAGTTCT 

OAA 1 OL» 1 U 1 1 bA 1 L» 1 OAAuLr 1 1 LrULrAOo 


5158 


CCTACTCCTAGAGGAGG 


5159 


CCTCCTCTAGGAGTAGG 


5160 


Male-sterile 
PI 

Malus domestica 

Lys30Term 

AAG-TAG 


AGGATTGAGAACTCAAGTAACAGGCAGGTGACCTACTCCAAGAGG 
AGGAATGGGATTATCIAGAAGGCAAAGGAGATCACTGTTCTATGTG 

ATPPTA A APTATPTY^TTATPA 1 1 1 ATTPTA 

A 1 oL» 1 AAAo 1 A 1 0 1 0 1 1 A 1 l/A 1 1 1 A 1 1 0 1 A 


5161 


TAGAATAAATGATAAGAGATACTTTAGCATCACATAGAACAGTGATC 
TCCTTTGCCTTCTAGATAATCCCATTCCTCCTCTTGGAGTAGGTCA 

LrO 1 oUO loll AO 1 1 UAo 1 1 0 1 OAA 1 LrVz 1 


5162 


GGATTATCTAGAAGGCA 


5163 


TGCCTTCTAGATAATCC 


5164 


Male-sterile 
PI 

IViaiUo UUniuoULa 

Lys31Term 
AAG-TAG 


ATTGAGAACTCAAGTAACAGGCAGGTGACCTACTCCAAGAGGAGG 
AATGGGATTATCAAGIAGGCAAAGGAGATCACTGTTCTATGTGATG 
nTAAAGTATCTCTTATCATTTATTCTAGCT 

W 1 nnnvj In! vl vl 1 / % 1 \sr\ 1 1 1 / \ 1 1 w 1 nww i 


5165 


AGCTAGAATAAATGATAAGAGATACTTTAGCATCACATAGAACAGT 
GATCTCCTTTGCCTACTTGATAATCCCATTCCTCCTCTTGGAGTAG 

o 1 LALrLr 1 oL/L loll Au 1 1 uAo 1 1 u 1 LrAA 1 


5166 


TTATCAAGTAGGCAAAG ' 


5167 


CTTTGCCTACTTGATAA 


5168 


Male-sterile 
globosa 

Antirrhinum mfl/nc 
HflUllllUIUlll UlaJUo 

GlyZTerm 
GGA-TGA 


CAI 1 1 1 1 ACAATAGTTATCTGCAAACAAAAACAAGAGAGAAAMCAA 
AAACAAAAAAATGIGAAGAGGAAAAATTGAGATCAAAAGAATTGAG 
AAPTnAAfiPAAOAGGCAGGTTACTTACT 


5169 


AGTMGTMCCTGCCTGnGCTTGAGTTCTCAATTCTnTGATCTCA 
Al 1 1 1 ICCICI ICAGAI 1 1 1 1 1 1 GTriTTGTTTTTCTCTCnGTTTTTG 
TTTfirAfiATAAnTATTfiTAAAAATfi 


5170 


AAAAAATGIGAAGAGGA 


5171 


ICCICIICACAIIIIII 


5172 


Male-sterile 
globosa 

Antirrhinum majus 

Arg3Term 

AGA-TGA 


TTTTACAATAGTTATCTGCAAACAAAAACAAGAGAGAAAAACAAAAA 
CAAAAAAATGGGATGAGGAAAAATTGAGATCAAAAGAATTGAGAAC 
TCAAGCAACAGGCAGGTTACTTACTCAA 


5173 


nGAGTMGTMCCTGCCTGTTGCTTGAGTTCTCMTTCTTTTGATC 
TCAAI 1 1 1 ICGICAICCCAI 1 1 II 1 IGI 1 1 1 IGI 1 1 1 1 CTCTCTTGTT 
TTTGTTTGCAGATAACTATTGTAAAA 


5174 
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, , • ■> ■ <•■■> * " s - % " 


mm 


r|fl|it&Targote|p: 


Altering Oligo$ 


NO: 










AAATGGGATGAGGAAAA 


5175 




IIIICCICAICCCAIII 


5176 


Male-sterile 
globosa 

Antirrhinum mains 
r\i nil 1 1 in iuiii iiiQjuo 


TACAATAGTTATCTGCAAACAAAAACAAGAGAGAAAAACAAAAACAA 

AAAAATGGGAAGAIGAAAAATTGAGATCAAAAGAATTGAGAACTCA 

AGCAACAGGCAGGTTACTTACTCAAAGA 


5177 


Gly4Term 
GGA-TGA 


TCTTTGAGTMGTMCCTGCCTGTTGCTTGAGTTCTCAATTCTTTTG 
ATCTCAAI 1 1 1 ICAICI ICCCAI 1 1 1 1 1 IGI 1 1 1 IGI 1 1 1 ICTCTCTT 
G 1 1 1 1 1 GTTTGCAGATAACTATTGTA 


5178 


• 


TGGGAAGATGAAAAATT 


5179 




AAIIIIICATCTTCCCA 


5180 


Male-sterile 
globosa 

Antirrhinum maii/c 
r\IiwU\ululU ulaJUo 


AATAGTTATCTGCAAACAAAAACAAGAGAGAAAAACAAAAACAAAAA 
AATGGGAAGAGGATAAATTGAGATCAAAAGAATTGAGAACTCAAGC 
AArAfifiPAfiRTTArTTAnTnAAAGARAA 


5181 


Lys5Term 
AAA-TAA 


TTCTCTTTGAGTAAGTAACCTGCCTGTTGCTTGAGTTCTCAATTCTT 
TTGATCTCAATTTATCCTCTTCCCAI 1 1 1 1 1 1 Gl 1 1 1 1 Gl 1 1 1 1 CTCT 

Lrllolllllblll uO AbA 1 AAL» 1 A II 


5182 




GAAGAGGAIAAATTGAG 


5183 




CTCAATTTATCCTCTTC 


5184 


Male-sterile 
PI 

Z.C7a Mayo 


GCTGAGCTCTTGCTGCCCTTGGATCTGTTTGGGAGTGGAGAACGC 
AGTATGGGGCGCGGCIAGATCAAGATCAAGAGGATCGAGAACTCT 
APPAAPrRfirARRTRAnnTTCTCnAAGnGCC 


5185 


Lys5Term 
MG-TAG 


GGCGCTTGGAGAAGGTCACCTGCCGGTTGGTAGAGTTCTCGATCC 

TCTTGATCTTGATCTAGCCGCGCCCCATACTGCGTTCTCCACTCC 

CAAACAGATCCAAGGGCAGCAAGAGCTCAGC 


5186 




GGCGCGGCTAGATCAAG 


5187 




CTTGATCTAGCCGCGCC 


5188 


Male-sterile 
PI 

Zea InayS 


CTCTTGCTGCCCTTGGATCTGTTTGGGAGTGGAGAACGCAGTATG 
GGGCGCGGCAAGATCIAGATCAAGAGGATCGAGAACTCTACCAAC 


5189 


Lys7Term 
AAG-TAG 


CGGCCCGGCGCTTGGAGAAGGTCACCTGCCGGTTGGTAGAGTTC 

TCGATCCTCTTGATCTAGATCTTGCCGCGCCCCATACTGCGTTCTC 

CACTCCCAAACAGATCCAAGGGCAGCAAGAG 


5190 




GCAAGATCIAGATCAAG 


5191 




CTTGATCTAGATCTTGC 


5192 
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Altering Oligo$ , . 


SEQID 
NOi 


Alteration 


i . 


. l:, ' 


Male-sterile < 
PI < 

7q ry mo I/O 1 

zea [flays \ 


3TCTTGCTGCCCTTGGATCTGTTTGGGAGTGGAGAACGCAGTATG 
3GGCGCGGCAAGATCTAGATCAAGAGGATCGAGAACTCTACCAAC 
^RRpARRTRAPPTTPTPPAARPRPPfiftRPPR 


5193 


Lys9Term ( 
AAG-TAG 

i 


3GGCCCGGCGCTTGGAGAAGGTCACCTGCCGGTTGGTAGAGTTC 

rCGATCCTCTTGATCTAGATCTTGCCGCGCCCCATACTGCGTTCTC 

"'APTPPPAAAPARATPPAAfififiPARPAARAG 


5194 




3CAAGATCIAGATCAAG 


5195 


< 


:ttgatctagatcttgc 


5196 


Male-sterile < 
PI ( 
zea ways \ 


3atctgtttgggagtggagaacgcagtatggggcgcggcaagat 
:aagatcaagaggatciagaactctaccaaccggcaggtgacctt 

^TPPAARPRPPRRRPPRRAPTRRTPAARAARR 


5197 


Glu12Term ( 
GAG-TAG ( 


3CTTCTTGACCAGTCCGGCCCGGCGCTTGGAGAAGGTCACCTGC 
3GGTTGGTAGAGTTCTAGATCCTCTTGATCTTGATCTTGCCGCGC 
^CCATACTbCGTTCTLOAU 1 OOOAAAUAbA 1 L 


5198 


i 


<\GAGGATCTAGAACTCT 


5199 


J 


^GAGTTCTAGATCCTCT 


5200 


Male-sterile < 
PI i 
zea mays i 


3CTGAGCTCTTGCTGCCCTTGAATCTGTTAGGGAGTGGAGAACGG 
^GTATGGGGCGCGGCTAGATCGAGATCAAGAGGATCGAGAACTCT 

dPPAAPPfSRPARRTRAPPTTPTPPAARPRPP 


5201 


Lys5Term ( 
AAG-TAG 


3GCGCTTGGAGAAGGTCACCTGCCGGTTGGTAGAGTTCTCGATCC 
rCTTGATCTCGATCTAGCCGCGCCCCATACTCCGTTCTCCACTCC 

"TAAPARATTPAARRRPARPAARARPTPARP 


5202 




3GCGCGGCTAGATCGAG 


5203 




:tcgatctagccgcgcc 


5204 


Male-sterile ( 
PI ( 
Zea mays ( 


3TCTTGCTGCCCTTGAATCTGTTAGGGAGTGGAGAACGGAGTATG 
3GGCGCGGCAAGATCIAGATCAAGAGGATCGAGAACTCTACCAAC 
3GGCAGGTGACCTTCTCCAAGCGCCGGGCCG 


5205 


Glu7Term ( 
GAG-TAG 

( 


3GGCCCGGCGCTTGGAGAAGGTCACCTGCCGGTTGGTAGAGTTC 
rCGATCCTCTTGATCTAGATCTTGCCGCGCCCCATACTCCGTTCTC 
^ACTCCCTAACAGATTCAAGGGCAGCAAGAG 


5206 


( 


3CAAGATCIAGATCAAG 


5207 


( 


3TTGATCTAGATCTTGC 


5208 


Male-sterile ( 
PI ( 
Zea mays < 


dtgcccttgaatctgttagggagtggagaacggagtatggggcg 

:ggcaagatcgagatctagaggatcgagaactctaccaaccggca 

3gtgaccttctccaagcgccgggccggactgg 


5209 


Lys9Term ( 
AAG-TAG ( 
( 


XAGTCCGGCCCGGCGCTTGGAGAAGGTCACCTGCCGGTTGGTA 
3AGTTCTCGATCCTCTAGATCTCGATCTTGCCGCGCCCCATACTC 
DGTTCTCCACTCCCTAACAGATTCAAGGGCAG 


5210 



-94- 



PHenotype,$Gerief 

!llllht:&::Targeiill! 
Alteration ' 


y ' Altering OJigos 


IIP 
Np: ; : 

:•: 

v : ■.'•":.<:?:.'*.:• . 




TCGAGATCTAGAGGATC 


5211 


GATCCTCTAGATCTCGA 


5212 


Male-sterile 
PI 

Lua mayo 

Glu12Term 
GAG-TAG 


AATCTGTTAGGGAGTGGAGAACGGAGTATGGGGCGCGGCAAGAT 
CGAGATCAAGAGGATCIAGAACTCTACCAACCGGCAGGTGACCTT 


5213 


CCTTCTTGACCAGTCCGGCCCGGCGCTTGGAGAAGGTCACCTGC 
CGGTTGGTAGAGTTCTAGATCCTCTTGATCTCGATCTTGCCGCGC 

^ f> A T A PTP P PTTPTP P A PTP P PT A A P A P ATT 

OOLA 1 AO 1 OUo II U 1 OoAl> 1 ULrU 1 AAOAuA 1 1 


5214 


AGAGGATCTAGAACTCT 


5215 


AGAGTTCTAGATCCTCT 


5216 


Male-sterile 
PI 

UiyZB SallVd 

Lys5Term 
AAG-TAG 


TTGCTGCTAAGCTAGCTGGAGGAAGGAGGAGGAGGAGGAGGAGG 
CGGGATGGGGCGCGGGTAGATCGAGATCAAGAGGATCGAGAACT 

PPAPPAAPPftPPAftfrrftAPPTTPTrrAAftrftPA 


5217 


TGCGCTTGGAGAAGGTCACCTGGCGGTTGGTGGAGTTCTCGATCC 
TCTTGATCTCGATCTACCCGCGCCCCATCCCGCCTCCTCCTCCTC 

PTPPTrr'TTrrTfTARrTARrTTAfiPARr'AA 


) 5218 


GGCGCGGGTAGATCGAG 


5219 


CTCGATCTACCCGCGCC 


5220 


Male-sterile 
PI 

Oryza sativa 

Glu7Term 

GAG-TAG 


CTAAGCTAGCTGGAGGAAGGAGGAGGAGGAGGAGGAGGCGGGA 
TGGGGCGCGGGAAGATCIAGATCAAGAGGATCGAGAACTCCACC 
AACCGCCAGGTGACCTTCTCCAAGCGCAGGAGCG 


5221 


CGCTCCTGCGCTTGGAGAAGGTCACCTGGCGGTTGGTGGAGTTC 
TCGATCCTCTTGATCTAGATCTTCCCGCGCCCCATCCCGCCTCCT 
CCTCGTGCTCCTL.0 1 1 L-Lr 1 OOAbO 1 AbO 1 1 Ab 


5222 


GGAAGATCIAGATCAAG 


5223 


CTTGATCTAGATCTTCC 


5224 


Male-sterile 
PI 

uryza sawa 

Lys9Term 

AAG-TAG 


TAGCTGGAGGAAGGAGGAGGAGGAGGAGGAGGCGGGATGGGGC 
GCGGGAAGATCGAGATCTAGAGGATCGAGAACTCCACCAACCGC 

PAPPTPAPPTTPTPPAA^Pf^PAf^Af^PftfiftATPP 


5225 


GGATCCCGCTCCTGCGCTTGGAGAAGGTCACCTGGCGGTTGGTG 
GAGTTCTCGATCCTCTAGATCTCGATCTTCCCGCGCCCCATCCCG 
CCTCCTCCTCCTCCTCCTCCTTCCTCCAGCTA 


5226 


TCGAGATCTAGAGGATC 


5227 


GATCCTCTAGATCTCGA 


5228 
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^||nt&Targete|;:, : 
Alteration 


Altering OitgoB ; 


mtpii 

NO; 




,. . 


Male-sterile 
PI 

\JiyjLG oQUVO 


GAAGGAGGAGGAGGAGGAGGAGGCGGGATGGGGCGCGGGAAGA 
TCGAGATCAAGAGGATCIAGAACTCCACCAACCGCCAGGTGACCT 
TCTCCAAGCGCAGGAGCGGGATCCTCAAGAAGG 


5229 


Glu12Term 
GAG-TAG 


CCTTCTTGAGGATCCCGCTCCTGCGCTTGGAGAAGGTCACCTGGC 

GGTTGGTGGAGTTCTAGATCCTCTTGATCTCGATCTTCCCGCGCC 

CCATCCCGCCTCCTCCTCCTCCTCCTCCTTC 


5230 




AGAGGATCTAGAACTCC 


5231 




GGAGTTCTAGATCCTCT 


5232 
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Example 7 

Engineering plants for abiotic stress tolerance 

Environmental stresses, such as drought, increased soil salinity, soil contamination with 
heavy metals, and extreme temperature, are major factors limiting plant growth and productivity. The 
worldwide loss in yield of three major cereal crops, rice, maize, and wheat due to water stress (drought) has 
been estimated to be over ten billion dollars annually and many currently marginal soils could be brought 
into cultivation if suitable plant varieties were available. 

Physiological and biochemical responses to high levels of ionic or nonionic solutes and 
decreased water potential have been studied in a variety of plants. It is known, for example, that increasing 
levels of alcohol dehydrogenase can confer enhances flooding resistance in plants. There are also several 
possible mechanisms to enhance plant salt tolerance. For example, one mechanism underlying the 
adaptation or tolerance of plants to osmotic stresses is the accumulation of compatible, low molecular weight 
osmolytes such as sugar alcohols, special amino acids, and glycinebetaine. Such accumulation can be 
engineered, for example, by removing feedback inhibition on 1-pyrroline-t-carboxylate synthetase, which 
results in accumulation of proline. Additionally, recent experiments suggest that altering the expression or 
activity of specific sodium or potassium transporters can confer enhanced salt tolerance. 

Plant tolerance of contamination by heavy metals such as lead and aluminum in soils has 
also been investigated and one mechanism underlying tolerance is the production of dicarboxylic acids such 
as oxalate and citrate. In addition, individual genes involved in heavy metal sensitivity have been identified. 

The attached tables disclose exemplary oligonucleotide base sequences which can be 
used to generate site-specific mutations that confer stress tolerance in plants. 
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Table 17 

Genome-Altering Oliqos Conferring Stress Tolerance 



Phenotvpe, Gene: 

■ ;::P!ant&:Targefei:;il 
Alteration 


Altering Oligos 

■ ' ' - ■ 


I 1 
ISEQ ID 

NO; 


Salt Tolerance ( 
P5CS ( 
Arabidopsisthaliana i 


:gtctttttgtgtggtagttggatgtgacggttgctcamtgctt 
3tgaccgatagcagtgctagagatmggatttcaggaagcmctt 

\GTGAAACTGTCAAAGCGATGCTGAGGATGA 


5233 


Phe128Ala ! 
TTT-GCT y 
< 


rCATCCTCAGCATCGCTTTGACAGTTTCACTAAGTTGCTTCCTGAA 
\TCCTTATCTCTAGCACTGCTATCGGTCACAAGCATTTGAGCAACC 
3TCACATCCAACTACCACACAAAAAGACG 


5234 


i 


YTAGCAGTGCTAGAGAT 


5235 


i 


\TCTCTAGCACTGCTAT 


5236 


Salt Tolerance ( 
P5CS 1 ( 
Brassica napus i 


3AGACTATGTTTGACCAGCTGGATGTGACGGCTGCTCAGCTGCTG 
3TGAATGACAGTAGTGCCAGAGACAAGGAGTTCAGGAAGCAACTT 
^ATGAGACAGTGAAGTCCATGCTTGATTTGA 


5237 


Phe128Ala 

TTC-GCC ( 
( 


rcaaatcaagcatggacttcactgtctcattaagttgcttcctgaa 
3tccttgtctctggcactactgtcattcaccagcagctgagcagc 
:gtcacatccagctggtcaaacatagtctc 


5238 


i 


^CAGTAGTGCCAGAGAC 


5239 


( 


3TCTCTGGCACTACTGT 


5240 


Salt Tolerance < 
P5CS 2 ( 
Brassica napus i 


3AGACTATGTTTGACCAGATGGATGTGACGGTGGCTCAAATGCTG 
3TGACTGATAGCAGTGTCAGAGATAAGGATTTCAGGAAGCAACTT 
^GTGAGACAGTCAAAGCTATGCTGAAAATGA 


5241 


Phe129Ala 

TTC-GCC i 
( 


ICAI 1 1 ICAGCAIAGCI 1 iGACTGTCTCACTAAGTTGCTTCCTGAA 

^CCTTATCTCTGACACTGCTATCAGTCACCAGCATTTGAGCCACC 

3TCACATCCATCTGGTCAAACATAGTCTC 


5242 


t 


f\TAGCAGTGTCAGAGAT 


5243 


i 


<\TCTCTGACACTGCTAT 


5244 


Salt Tolerance < 
P5CS 

Oryza sativa < 


3atatgttgtttaaccaactggatgtctcgtcatctcaacttcttg 

rcaccgacagtgatgctgagaacccaaagttccgggagcmctca 

:tgaaactgttgagtcattattagatctta 


5245 


Phe128Ala 

TTT-GCT ( 
I 


rAAGATCTAATAATGACTCAACAGTTTCAGTGAGTTGCTCCCGGM 
3TTTGGGTTCTCAGCATCACTGTCGGTGACAAGAAGTTGAGATGA 
3GAGACATCCAGTTGGTTAAACAACATATC 


5246 


i 


^CAGTGATGCTGAGAAC 


5247 


i 


3TTCTCAGCATCACTGT 


5248 
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Phenotype. Gene. 
Rant & Targeted 

; Alteration 




e i 
; * 

'NO: 

* f • 


Salt Tolerance 
P5CS 

Medicago sativa 

Phe128Ala 

TTT-GCT 


GATATTTTGTTTAGTCAGCTGGATGTGACATCTGCTCAGCTTCTTG 
nACTGACMTGATGCTAGAGACCMGATTTTAGAAAGCAACTTTC 
TGAAACTGTGAGATCACTTCTAGCACTAA 


5249 


nAGTGCTAGMGTGATCTCACAGTTTCAGAAAGTTGCTTTCTAAA 

ATCTTGGTCTCTAGCATCATTGTCAGTAACAAGAAGCTGAGCAGAT 

GTCACATCCAGCTGACTAAACAAAATATC 


5250 


ACAATGATGCTAGAGAC 


5251 


GTCTCTAGCATCATTGT 


5252 


Salt Tolerance 
P5CS 

Actinidia deliciosa 

Phe128Ala 

TTT-GCT 


GATACATTGTTTAGTCAGCTGGATGTGACATCAGCTCAGCTACTC 

GTTACTGATAATGATGCTAGGGATCCAGAATTCAGGAAGCAACTTA 

CTGAAACTGTAGAATCACTATTGAATTTGA 


5253 


TCAMTTCAATAGTGATTCTACAGTTTCAGTAAGTTGCTTCCTGAAT 
TCTGGATCCCTAGCATCATTATCAGTMCGAGTAGCTGAGCTGAT . 
GTCACATCCAGCTGACTAAACAATGTATC 


5254 


ATAATGATGCTAGGGAT 


5255 


ATCCCTAGCATCATTAT 


j 5256 


Salt Tolerance 
P5CS 

Cichorium intybus 

Phe122Ala 

TTC-GCC 


GACACACTCTTCAGTCAACTGGATGTGACATCAGCACAGCTTCTT 

GTAACAGATAATGACGCCAGAAGTCCAGAATTTAGAAAACAACTTA 

CTGAAACAGTCGATTCTTTATTATCTTATA 


5257 


TATMGATMTAMGMTCGACTGTnCAGTMGTTGTTTTCTAAAT 

TCTGGACTTCTGGCGTCATTATCTGTTACAAGAAGCTGTGCTGAT 

GTCACATCCAGTTGACTGAAGAGTGTGTC 


5258 


ATAATGACGCCAGAAGT 


5259 


ACTTCTGGCGTCATTAT 


5260 


Salt Tolerance' 
P5CS 

Lvcooersicon 
esculentum 
Phe128Ala 
TTT-GCT 


GATTCTTTGTTCAGTCAGTTGGATGTGACATCAGCTCAGCTTCTGG 
TGACTGATMTGACGCTAGAGATCCAGATTTTAGGAGACAACTCM 
TGACACAGTAAATTCGTTGCTTTCTCTAA 

1 V»// WSJ VV/i W 1 / W W » 1 1 1 ■ III I 1 # Iff t 


5261 


TTAGAGAAAGCAACGAATTTACTGTGTCATTGAGTTGTCTCCTAAA 
ATCTGGATCTCTAGCGTCATTATCAGTCACCAGAAGCTGAGCTGA 
TfiTnArATrPAAnTfiAnTGAACAAAGAATf! 


5262 


ATAATGACGCTAGAGAT 


5263 


ATCTCTAGCGTCATTAT 


5264 


Salt Tolerance 
P5CS 

Vigna unguiculata 

Phe162Ala 

TTT-GCT 


GATACCATGTTCAGCCAGCTTGATGTGACTTCTTCCCAACT I'd IG 
TGMTGATGGATTTGCTAGGGATGCTGGCTTCAGAAAACAACTTTC 
GGACACAGTGAACGCGTTATTAGATTTAA 


5265 


TTAMTCTMTMCGCGTTCACTGTGTCCGAAAGTTGTTTTCTGAA 
GCCAGCATCCCTAGCAAATCCATCATTCACAAGAAGTTGGGAAGA 
AGTCACATCAAGCTGGCTGAACATGGTATC 


5266 


ATGGATTTGCTAGGGAT 


5267 
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Pheno^e, Gene, 
Plants Targeted 


>'■-., 

mmm 

mmmtm 


V.::-*::^:'?: 
S. ... : 
■;■ .. 

•: . •\- : ..":.-v. c: 


ill 
iiiiif 
+ : * 


'9P 

Altering Olfgos 

; : : 


mmmmmmm 
: 

^ 


• r 


111 


ifllllil 

SEOID 

: NO; 




ATCCCTAGCAAATCCAT 


5268 


Salt Tolerance 
P5CS 

MesembivQnthemurn 

1 rlvwvli lfc/# y Wl III iwl 1 IWI * 1 

crystallinum 

Phe125Ala 

TTT-GCT 


GACACCTTGTTTAGTCAGTTGGATCTGACTGCTGCTCAGCTGCTT 
GTGACGGACAACGACGCTAGAGATCCAAG 1 1 1 1 AGAACACAACTA 
ACTGAAACAGTGTATCAGTTGTTGGATCTAA 


5269 


TTAGATCCAACAACTGATACACTGTTTCAGTTAGTTGTGTTCTAAAA 
CTTGGATCTCTAGCGTCGTTGTCCGTCACAAGCAGCTGAGCAGCA 
GTCAGATCCMCTGACTAAACAAGGTGTC 


5270 


ACAACGACGCTAGAGAT 


5271 


ATCTCTAGCGTCGTTGT 


5272 


Salt Tolerance 
P5CS 

Wis vinifera 

Phe130Ala 

TTT-GCT 


GACACATTATTTAGCCAGCTGGATGTGACATCAGCTCAGCTTCTT 

fiTfiAPTRATAATRATGCTAGGGATGAAGCTTTCCGAAATCAACTTA 

CTCAAACAGTGGATTCATTGTTAGCTTTGA 


5273 


TCAAAGCTAACAATGAATCCACTGTTTGAGTAAGTTGATTTCGGAA 
AfirTTrATrcrTAGCATCATTATCAGTCACAAGAAGCTGAGCTGAT 

/AVJ w I 1 \jt\ 1 www 1 / \W W/ \ 1 wr\ i 1 / » l vAVJ l vnunrvwnnww i w/*ww i w/» i 

GTCACATCCAGCTGGCTAAATAATGTGTC 


5274 


ATAATGATGCTAGGGAT 


5275 


ATCCCTAGCATCATTAT 


5276 


Salt Tolerance 
P5CS 

Vigna aconitifolia 

Phe129Ala 

TTT-GCT 


GATACGCTGTTCACTCAGCTCGATGTGACATCGGCTCAGCTTCTT 
fiTRAPGGATAACGATGCTCGAGATAAGGATTTCAGGAAGCAGCTT 
ACTGAGACTGTGAAGTCGCTGTTGGCGCTGA 


5277 


TCAGCGCCAACAGCGACTTCACAGTCTCAGTAAGCTGCTTCCTGA 
AATrPTTATOTPGAGCATCGTTATCCGTCACMGMGCTGAGCCG 

An 1 WW 1 Inlul uunVJvn 1 WW 1 1 / » 1 WWW 1 W/iWrv\w#v\WW I w#iwwww 

ATGTCACATCGAGCTGAGTGAACAGCGTATC 


5278 


ATAACGATGCTCGAGAT 


5279 


ATCTCGAGCATCGTTAT 


5280 


Salt Tolerance 
HKT1 

Arabidopsis thaliana 

Ser207Val 

TCC-GTC 


AGAGATGTTCTTAGTTCCAAAGAAATCTCACC 1 C 1 UAU 1 1 1 U 1 UJG 
TrTTrAPAAPAftTTGTr.ArfiTTTGnAAACTGCGGATTTGTCCCCAC 

1 w 1 1 wMw/V\wr\w 1 1 w 1 wrVwvj 1 1 1 uvnnAw i vjuvjwa i i i w i wwwwr\w 

GAATGAGAACATGATCATCTTTCGCAAAA 


5281 


TTTTGCGAAAGATGATCATGTTCTCATTCGTGGGGACAAATCCGCA 
GTrTGCAAACGTGACAACTGTTGTGAAGACGGAGAAAGTGAGAGG 
TGAGATTTCTTTGGMCTAAGAACATCTCT 


5282 


CAACAGTTGTCACGTTT 


5283 


AAACGTGAC.AACTGTTG 


5284 


Salt Tolerance 
HKT1 

Arabidopsis thaliana 

Gln237Leu 

CAA-CTA 


CGAATGAGAACATGATCATCTTTCGCAAAAACTCTGGTCTCATCTG 
GCTCCTAATCCCTCTAGTACTGATGGGAAACACTTTGTTCCCTTGC 
nCTTGGTTTTGCTCATATGGGGACTTTA 


5285 


TAAAGTCCCCATATGAGCAAAACCAAGAAGCAAGGGAACAAAGTG 
TTTCCCATCAGTACTAGAGGGATTAGGAGCCAGATGAGACCAGAG 
TTTT 1 GCGAAAGATGATCATGTTCTCATTCG 


5286 
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iiiiliiiillllilii 


; ^ ^ " t > ' , ; ^ ' 5 

. J / , ■ > , , ^ " ' . ■ r-'-'* ■■ • ? ■ :s ■ ■> ■ . ::.i: : : £v ■■ > '.uk*;- - 2 ^ ■ v ^ v 4 , 


SEQ ID 




AATCCCTCTAGTACTGA 


5287 




TCAGTACTAGAGGGATT 


5288 


Salt Tolerance 
HKT1 

Arabidopsis thaliana 


AGTCTCTAGAAGGAATGAGTTCGTACGAGAAGTTGGTTGGATCGT 
TGTTTCAAGTGGTGAGTTCGCGACACACCGGAGAAACTATAGTAG 
AOUTO 1 0 1 AUAO I rTGUULrAbO 1 A 1 0 1 1 bo 1 


5289 


Asn332Ser 
AAT-AGT 


ACCAAGATAGCTGGGGAAAGTGTAGAGAGGTCTACTATAGTTTCT 

CCGGTGTGTCGCGAACTCACCACTTGAAACAACGATCCAACCAAC 

TTCTCGTACGAACTCATTCCTTCTAGAGACT 


5290 




AGTGGTGAGTTCGCGAC 


5291 




GTCGCGAACTCACCACT 


5292 


Salt Tolerance 
HKT1 

Eucalyptus 


AGAGATGTGCTAAAGAAGAAAGGTCTCAAAATGG 1 GACC 1 1 1 ICC 

f\-rr\ | i A * AA a /\/\at^/«*p/% A AA^ PAAA A A'lTO 'rAZ^i"* III ATA/*>AA 

GTCTTCACCACCGTGGTGACCTTTGCCAGnGTGGGTTTGTCCCG 
ACCAATGAAAACATGATTATCTTCAGCAAAA 


5293 


camaldulensis 

Ser256Val 

TCG-GTG 


TTTTGCTGMGATMTCATGTTTTCATTGGTCGGGACAAACCCACA 
ACTGGCAAAGGTCACCACGGTGGTGAAGACGGAAAAGGTCACCA 
Til 1 GAGACCTTTCTTCTTTAGCACATCTCT 


5294 


♦ 


CCACCGTGGTGACCTTT 


5295 




AAAGGTCACCACGGTGG 


5296 


Salt Tolerance 
HKT1 

Eucalyptus 


CCAATGAAAACATGATTATCTTCAGCAAAAACTCTGGCCTCCTCCT 

A A ' i i 1 /■N*T"/'N A T A A AT A A ATT ATT A H A A A ATAATA"V 1 I AAA A T A 

GATTCTCATCCCTCTGGCCCTTCTTGGGAACATGCTGTTCCCATC 
GAGCCTACGTTTGACGCTTTGGCTCATCGG 


5297 


camaldulensis 

Gln286Leu 

CAG-CTG 


CCGATGAGCCAAAGCGTCAAACGTAGGCTCGATGGGAACAGCAT 
GTTCCCAAGAAGGGCCAGAGGGATGAGAATCAGGAGGAGGCCA 
GAG II 1 1 1 GCTGAAGATAATCATGTTTTCATTGG 


5298 | 




CATCCCTCIGGCCCTTC 


5299 




GAAGGGCCAGAGGGATG 


5300 


Salt Tolerance 
HKT1 

Eucalyptus 


AATCGTTGAATGGACTAAGCTCCTGTGAGAAAATCGTGGGCGCGC 

TGTTTCAGTGCGTGAGCAGCAGACATACCGGCGAGACGGTCGTC 

GATCTGTCCACAGTTGCTCCCGCCATCTTGGT 


5301 


camaldulensis 

Asn381Ser 

AAC-AGC 


ACCAAGATGGCGGGAGCAACTGTGGACAGATCGACGACCGTCTC 
GCCGGTATGTCTGCTGCTCACGCACTGAAACAGCGCGCCCACGA 
1 1 1 ICTCACAGGAGCTTAGTCCATTCAACGAn 


5302 




GTGCGTGAGCAGCAGAC 


5303 




GTCTGCTGCTCACGCAC 


5304 



WO 01/92512 



-101- 



PCT/US01/17672 



111111111(11111 

'Plant & Targeted 




wmm 


Alteration 


- ' v , ., ,: 




Salt Tolerance 
HKT1 

Oryza sativa 


AAAGCTCCACTGAAGAAGAAAGGGATCAACATTGCACTCTTCTCAT 

TCTCGGTCACGGTCGTCTCGTTTGCGAATGTGGGGCTCGTGCCG 

ACAAATGAGAACATGGCAATCTTCTCCAAGA 


5305 


Ser238Val 
TCC-GTC 


TCTTGGAGAAGATTGCCATGTTCTCATTTGTCGGCACGAGCCCCA 
CATTCGCAAACGAGACGACCGTGACCGAGAATGAGAAGAGTGCA 
ATGTTGATCCCTTTCTTCTTCAGTGGAGCTTT 


5306 




TCACGGTCGTCTCGTTT 


5307 




AAACGAGACGACCGTGA 


5308 


Salt Tolerance 
HKT1 

Oryza sativa 


CAAATGAGAACATGGCAATCTTCTCCAAGAACCCGGGCCTCCTCC 
TCCTGTTCATCGGCCIGATTCTTGCAGGCAATACACTTTACCCTCT 
CTTCCTAAGGCTATTGATATGGTTCCTGGG 


5309 


Gln268Leu 
CAG-CTG 


CCCAGGAACCATATCAATAGCCTTAGGAAGAGAGGGTAAAGTGTA 
TTGCCTGCAAGAATCAGGCCGATGAACAGGAGGAGGAGGCCCGG 
GTTCTTGGAGAAGATTGCCATGTTCTCATTTG 


5310 




CATCGGCCIGATTCTTG 


5311 




CAAGAATCAGGCCGATG 


5312 


Salt Tolerance 
HKT1 

Oryza sativa 


CAGTCTTTGATGGACTCAGCTCTTACCAGAAGATTATCAATGCATT 
GTTCATGGCAGTGAGCGCAAGGCACTCGGGGGAGAACTCCATCG 
ACTGCTCACTCATCGCCCCTGCTGTTCTAGT 


5313 


Asn363Ser 
AAC-AGC 


ACTAGAACAGCAGGGGCGATGAGTGAGCAGTCGATGGAGTTCTC 
CCCCGAGTGCCTTGCGCTCACTGCCATGAACAATGCATTGATAAT 
CTTCTGGTAAGAGCTGAGTCCATCAAAGACTG 


5314 




GGCAGTGAGCGCAAGGC 


5315 




GCCTTGCGCTCACTGCC 


5316 


Salt Tolerance 
HKT1 

Triticum aesth/um 


GTGCCCCACTGAACAAGAAAGGGATCAACATCGTGCTCTTCTCAC 
TATCAGTCACCGTTGTCTCCTGTGCGAATGCAGGACTCGTGCCCA 
CAAATGAGMCATGGTCATCTTCTCAAAGAA 


5317 


Ala240Val 
GCC-GTC 


TTCTTTGAGAAGATGACCATGTTCTCATTTGTGGGCACGAGTCCT 
GCATTCGCACAGGAGACAACGGTGACTGATAGTGAGAAGAGCAC 
GATGTTGATCCCTTTCTTGTTCAGTGGGGCAC 


5318 




CACCGTTGTCTCCTGTG 


5319 




CACAGGAGACMCGGTG 


5320 


Salt Tolerance 
HKT1 

Triticum aestivum 


CAAATGAGAACATGGTCATCTTCTCAAAGAATTCAGGCCTCTTGTT 
GCTGCTGAGTGGCCTGATGCTCGCAGGCAATACATTGTTCCCTCT 
CTTCCTGAGGCTACTGGTGTGGTTCCTGGG 


5321 


Gln270Leu 
CAG-CTG 


CCCAGGAACCACACCAGTAGCCTCAGGAAGAGAGGGAACAATGT 
ATTGCCTGCGAGCATCAGGCCACTCAGCAGCAACAAGAGGCCTG 
AATTCTTTGAGAAGATGACCATGTTCTCATTTG 


5322 




GAGTGGCCTGATGCTCG 


5323 
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CGAGCATCAGGCCACTC 


5324 


Salt Tolerance 
HKT1 

Triticum aestivum 

Asn365Ser 

AAT-AGT 


CAGTCTTTGATGGGCTCAGCTCTTATCAGAAGACTGTCAATGCATT 

CTTCATGGTGGTGAGTGCGAGGCACTCAGGGGAGAATTCCATCG 

ACTGCTCGCTCATGTCCCCTGCCATTATAGT 


5325 


ACTATAATGGCAGGGGACATGAGCGAGCAGTCGATGGAATTCTCC 
CCTGAGTGCCTCGCACTCACCACCATGAAGAATGCATTGACAGTC 
TTCTGATAAGAGCTGAGCCCATCAAAGACTG 


5326 


GGTGGTGAGTGCGAGGC 


5327 


GCCTCGCACTCACCACC 


5328 


Freezing Tolerance 
proline oxidase 
Drecursor 

i/i V/UUi wwi 

Arabidopsis thaliana 

Arg7Term 

CGA-TGA 


1 1 1 1 1 1 1 IGI 1 1 ICGI 1 1 ICAAAAACAAAAICI 1 IGAAI 1 1 IAIGGCA 
ACCCGTCnCTCTGAACAAACTTTATCCGGCGATCTTACCGTnAC 
CCGCTTTTAGCCCGGTGGGTCCTCCCA 


5329 


TGGGAGGACCCACCGGGCTAAAAGCGGGTAAACGGTAAGATCGC 

CGGATAMGTTTGTTCAGAGAAGACGGGTTGCCATAAAATTCAAA 

GATTTTGTTTTTGAAAACGAAAACAAAAAAAA 


5330 


i^TPTTPTPTO A A P A A A P 


5331 


AIM / \TTA> A^AHA A A /A 

GTTTGTTCAGAGAAGAC 


5332 


Freezing Tolerance 
proline oxidase 

■A VSN All A IT 

precursor 

Arabidopsis thaliana 

Arg13Term 

CGA-TGA 


TCAAAMCAAMTCTnGMTTTTATGGCAACCCGTCTTCTCAGAA 
CAMCTTTATCCGGTGATCTTACCGTTTACCCGC 1 1 1 IAGCCCGGT 
GGGTCCTCCCACCGTGACTGCTTCCACCG 


5333 


CGGTGGAAGCAGTCACGGTGGGAGGACCCACCGGGCTAAAAGC 

GGGTAAACGGTAAGATCACCGGATAAAGTTTGTTCTGAGAAGACG 

GGTTGCCATAAMTTCAMGATTTTGTTTTTGA 


5334 


TTATCCGGIGATCTTAC 


5335 


^%*T" A A /% AT/% A /%/%/^^ ATA A 

GTAAGATCACCGGATAA 


5336 


Freezing Tolerance 
proline oxidase 

nrprur^or 

Arabidopsis thaliana 

Tyr15Term 

TAC-TAG 


AAMTCTnGMTTTTATGGCMCCCGTCTTCTCCGMCAMCTTTA 
TCCGGCGATCTTAGCGTTTACCCGCTTTTAGCCCGGTGGGTCCTC 
CCACCGTGACTGCTTCCACCGCCGTCGTC 


5337 


GACGACGGCGGTGGAAGCAGTCACGGTGGGAGGACCCACCGGG 
CTAAAAGCGGGTAAACGCTAAGATCGCCGGATAAAGTTTGTTCGG 
AGAAGACGGGTTGCCATAAAATTCAAAGATTTT 


5338 


CGATCTTAGCGTTTACC 


5339 


GGTAAACGCTAAGATCG 


5340 
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Tooted- J 


F' - ■■■■■■ ■ s s ■ ■ ; 

Altering Oligos ' 


SEQID 

NO; 


Alteration ♦! 




Freezing Tolerance 
proline oxidase 
Drecursor 


CTnGMTTTTATGGCAACCCGTCTTCTCCGAACAAACTTTATCCG 

GCGATCTTACCGTTAACCCGCTTTTAGCCCGGTGGGTCCTCCCAC 

CGTGACTGCTTCCACCGCCGTCGTCCCGGA 


5341 


Arabidopsis thaliana 

Leu17Term 

TTA-TAA 


TCCGGGACGACGGCGGTGGAAGCAGTCACGGTGGGAGGACCCA 

CCGGGCTAAAAGCGGGTTAACGGTAAGATCGCCGGATAAAGTTTG 

TTCGGAGAAGACGGGTTGCCATAAAATTCAAAG 


5342 




TTACCGTTAACCCGCTT 


5343 




AAGCGGGTTAACGGTAA 


5344 


Freezing Tolerance 
proline oxidase 
orecursor 


CCGGTGGGTCCTCCCACCGTGACTGCTTCCACCGCCGTCGTCCC 
GGAGATTCTCTCCTTTTGACAACAAGCACCGGAACCACCTCTTCA 
CCACCCAAAACCCACCGAGCAATCTCACGATG 


5345 


Arabidopsis thaliana 
Gly42Term 


CATCG TGAGA 1 1 GO 1 CGG 1 GGG 1 1 1 1 GGG 1 GG 1 GAAGAGG 1 GGT 
TCCGGTGCTTGTTGTCAAAAGGAGAGAATCTCCGGGACGACGGC 


5346 




TCTCCTTTIGACAACAA 


5347 




TTGTTGTCAAAAGGAGA 


5348 


Lead Tolerance 
cyclic nucleotide- 
reaulated ion channel 


ACATGAAGCAGTGAAATCTCiGTTTGTATTGAATCTTATrAGTCTCA 
MCTATGMTTTCIGACAAGAGAAGTTTGTAAGGTCAGTGTTCCAG 
ATTTGTCTCATTGAATTCTAAGTCGTGA 


5349 


Arabidopsis thaliana 

Arg4Term 

CGA-TGA 


TCACGACTTAGAATTCAATGAGACAAATCTGGAACACTGACCTTAC 
AMCTTCTCTrGTCAGAAATTCATAGTTTGAGACTAATAAGATTCAA 
TACAAACAGAGATTTCACTGCTTCATGT 


5350 




TGAATTTCIGACAAGAG 


5351 




CTCTTGTCAGAAATTCA 


5352 


Lead Tolerance 
cyclic nucleotide- 
reguiateo ion cnannei 


TGAAGCAGTGAAATCTCTGTTTGTATTGAATCTTATTAGTCTCAAAC 
TATGMTTTCCGATMGAGAAGTTTGTAAGGTCAGTGTTCCAGATT 

TPTPTP ATTCA ATTPT A A OTPfiTO A A CP 


5353 


Arabidopsis thaliana 
Gln5Term 

PAA-TAA 

unA" 1 r\r\ 


GCTTCACGACTTAGAATTCAATGAGACAAATCTGGAACACTGACCT 
TACAMCTTCTCnATCGGAAATTCATAGTTTGAGACTAATAAGATT 

PAATAPAAAnAftAnATTTPAPTfU^TTnA 


5354 




ATTTCCGAJAAGAGAAG 


5355 




CTTCTCTTATCGGAAAT 


5356 


Lead Tolerance 
cyclic nucleotide- 
regulated ion channel 


AGCAGTGAAATCTCTGTTTGTATTGAATCTTATTAGTCTCAAACTAT 
GMTTTCCGACAATAGAAGTTTGTAAGGTCAGTGnCCAGATTTGT 
CTCATTGAATTCTAAGTCGTGAAGCTTA 


5357 


Arabidopsis thaliana 

Glu6Term 

GAG-TAG 


TAAGCTTCACGACTTAGAATTCAATGAGACAAATCTGGAACACTGA 

CCTTACAMCTTCTATTGTCGGAAATTCATAGTTTGAGACTAATAA 

GATTCAATACAAACAGAGATTTCACTGCT 


5358 
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Afte * or 




SEQID 

iiiii 




T/^^r^AOA ATA OA A^TTT 

1 OObAUAATAtjAAb I 1 1 


5359 


A A APTTPT ATTPTPrSP. A 


5360 


Lead Tolerance . 
cyclic nucleotide- 

roniilatorl inn rhannol 
IcgUldlcU IUN Uldllilcl 

Arabidopsis thaliana 

Lys7Term 

AAG-TAG 


AGTGAAATCTCTGTTTGTATTGAATCTTATTAGTCTCAAACTATGAA 
TTTCCGACAAGAGTAGTTTGTMGGTCAGTGTTCCAGATTTGTCTC 
ATTGAATTCTAAGTCGTGAAGCTTMTT 


5361 


AATTAAGCTTCACGACTTAGAATTCAATGAGACAAATCTGGMCAC 
TGACCTTACAAACTACTCTTGTCGGAAATTCATAGTTTGAGACTAA 
TAAGATTCAATACAAACAGAGATTTCACT 


5362 


AAA* AAA OT A PTTTOTA 

GACAAbAvjTAvj 1 1 1 bTA 


5363 


TAP A A APT A PTPTTPTP 

1 AOAAAO 1 1 u 1 1 o 1 0 


5364 


Lead Tolerance 
cyclic nucleotide- 
reguiaiea ion cnannei 
Arabidopsis thaliana 
Gln12Term 
CAA-TAA 


CAnGMTTCTMGTCGTGMGCnMTTCGATTCTTCTTCACTTTC 
TCGGATCAGGI 1 1 1 AAGATTGGAAGTCGGATAAGACTTCCTCCGA 
CGTGGAATATTCCGGTAAAAACGAGATTC 


5365 


GAAICICGI 1 1 1 IACCGGAAIAI 1 CCACG 1 CGGAGGAAGTCTTATC 

CGACTTCCAATCTTAAAACCTGATCCGAGAAAGTGAAGAAGAATC 

GAATTAAGCTTCACGACTTAGAATTCAATG 


5366 


TAA/^ATTTTA A PAT IPO 

TCAGG 1 1 1 jAAGATTbb 


5367 


PP A ATPTTA A A APPTP. A* 


5368 


Lead Tolerance 
cyclic nucleotide- 
gaieu caimoauiin- 
binding ion channel 
(CBP4) 

Nicotiana Tabacum 

GlnSTerm 

CAA-TAA 


TGGAAGTCAATCCCCCACGTTGAGCAGGTTGATGCATTGGCTAAA 
GnATGAATCACCGCTAAGACGAGTTTGTGAGGTTTCAGGATTGG 
AAATCAGAGAGAAGCTCTGAGGGAAATTTTC 


5369 


GAAMTTTCCCTCAGAGCTTCTCTCTGATTTCCAATCCTGAAACCT 
CACAAACTCGTCTTAGCGGTGATTCATAACTTTAGCCAATGCATCA 
ACCTGCTCAACGTGGGGGATTGACTTCCA 


5370 , 


ATAAAAAATA A A A A A A A 

ATCACCGCTAAGACGAG 


5371 


OTObl 0 1 1 AbObb 1 bA 1 


5372 


Lead Tolerance 
cyclic nucleotide- 
gated caimoaunn- 
binding ion channel 
(CBP4) 

Nicotiana Tabacum 

GlyTTemn 

GAG-TAG 


TCAATCCCCCACGTTGAGCAGGTTGATGCATTGGCTAAAGTTATG 
MTCACCGCCMGACTAGTTTGTGAGGTTTCAGGATTGGAAATCA 
GAGAGAAGCTCTGAGGGAAATTTTCATGCTA 


5373 


TAGCATGAAMTTTCCCTCAGAGCTTCTCTCTGATTTCCAATCCTG 
AAACCTCACAAACTAGTCTTGGCGGTGATTCATAACTTTAGCCAAT 
GCATCAACCTGCTCAACGTGGGGGATTGA 


5374 


GCCAAGACIAGTTTGTG 


5375 


CACAAACTAGTCTTGGC 


5376 
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IBIl 

•NO' 


Lead Tolerance 
cyclic nucleotide- 

nafprl ralmnrlnlin- 

binding ion channel 
(CBP4) 

Nicotiana Tabacum 

Gln12Term 

CAG-TAG 


GAGCAGGTTGATGCATTGGCTAAAGTTATGAATCACCGCCAAGAC 
GAGTTrGTGAGGTTTTAGGATTGGAAATCAGAGAGAAGCTCTGAG 
GGAAATTTTCATGCTAAAGGTGGAGTCCACC 


5377 


GGTGGACTCCACCTTTAGCATGAAAATTTCCCTCAGAGCTTCTCTC 
TGATTTCCAATCCTAAAACCTCACAAACTCGTCTTGGCGGTGATTC 
ATAACTTTAGCCAATGCATCAACCTGCTC 


5378 


TGAGGI 1 ITAGGATTGG 


5379 


CCAATCCTAAAACCTCA 


5380 


Lead Tolerance 
cyclic nucleotide- 

natoH ralmnHniin- 
LJdLcU ucuiiiuuuinr 

binding ion channel 
(CBP4) 

Nicotiana Tabacum 

Trp14Term 

TGG-TGA 


TGATGCATTGGCTAAAGTTATGAATCACCGCCAAGACGAG 1 1 1 GT 
GAGGTTTCAGGATTGIAAATCAGAGAGAAGCTCTGAGGGAAATTT 
TCATGCTAAAGGTGGAGTCCACCGAAGTAAA 

1 \sr\ 1 UV 1 nnnvv 1 ww/\w 1 ww/»v/ww/ u \wj i # v v » 


5381 


TTTACTTCGGTGGACTCCACCTTTAGCATGAAAATTTCCCTCAGAG 
CTTCTCTCTGATTTACAATCCTGAAACCTCACAAACTCGTCTTGGC 
GGTGATTCATAACTTTAGCCAATGCATCA 

\J\J | VJ/\ 1 1 W/» 1 #V»W III 1 IV V V/ V \ 1 \mS >✓# 1 1 1 


5382 


CAGGATTGIAAATCAGA 


5383 


TCTGATTTACAATCCTG 


5384 


Lead Tolerance 
cyclic nucleotide- 

noforl /*alm/"trii ilin_ 
ydlcu OdUUUUUIIIr 

binding ion channel 
(CBP4) 

Nicotiana Tabacum 

Lys15Term 

AAA-TAA 


GATGCATTGGCTAAAGTTATGAATCACCGCCAAGACGAGl 1 IGTG 
AGGmCAGGATTGGIMTCAGAGAGMGCTCTGAGGGAAATTTT 
PATRrTAAARfiTRRAfiTCCACCGAAGTAAAG 


5385 


CTTTACTTCGGTGGACTCCACCTTTAGCATGAAAATTTCCCTCAGA 
GCTTCTCTCTGATTACCAATCCTGAAACCTCACAAACTCGTCTTGG 
CGGTGATTCATAACTTTAGCCAATGCATC 

VvW 1 w#» I I vn 1 nr\v I i i r\\j \j wn#» i ww/» i >■/ 


5386 


AGGATTGGIAATCAGAG 


5387 


CTCTGATTACCAATCCT 


5388 


Lead Tolerance 
calmodulin binding 

francnnrf nmfpin 
u dl lojJUi l \Ji uicii I 

Hordeum vulgare 

GluZTerm 

GAA-TAA 


CTTGAAGAATTGATCTACCACTCTTAGCTGCTAACTGTTCGCCTGG 
TGGAGATAATGATGTAAAGAGAGGACAGATATGTTAGATTTCAGGA 
CTGCAAATCAGAGCAATCTGTTATCTCAG 

\j 1 vvnnn 1 w/% Unviwrvn I w I w> 1 I / » i w i w/*w 


5389 


CTGAGATAACAGATTGCTCTGATTTGCAGTCCTGAAATCTAACATA 
TCTGTCCTCTCTTTACATCATTATCTCCACCAGGCGAACAGTTAGC 
AGCTAAGAGTGGTAGATCAATTCTTCAAG 


5390 


TAATGATGTAAAGAGAG 


5391 


CTCTCTTTACATCATTA 


5392 
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Lead Tolerance 
calmodulin binding 


GAAGAATTGATCTACCACTCTTAGCTGCTAACTGTTCGCCTGGTG 
GAGATMTGATGGMIGAGAGGACAGATATGTTAGATTTCAGGAC 
TGCAAATCAGAGCAATCTGTTATCTCAGAGA 


5393 


Hordeum vulgare 

Arg3Term 

AGA-TGA 


TCTCTGAGATAACAGATTGCTCTGATTTGCAGTCCTGAAATCTAAC 
ATATCTGTCCTCTCATTCCATCATTATCTCCACCAGGCGAACAGTT 
AGCAGCTAAGAGTGGTAGATCAATTCTTC 


5394 




TGATGGAATGAGAGGAC 


5395 




GTCCTCTCATTCCATCA 


5396 


Lead Tolerance 
calmodulin binding 

trancnorf nrntein 
U dllofJUI I piUlwlll 


GAATTGATCTACCACTCTTAGCTGCTAACTGTTCGCCTGGTGGAG 

ATAATGATGGAAAGATAGGACAGATATGTTAGATTTCAGGACTGCA 

AATnAGAGCMTCTGTTATCTCAGAGAACG 


5397 


Hordeum vulgare 

Glu4Term 

GAG-TAG 


CGTTCTCTGAGATAACAGATTGCTCTGATTTGCAGTCCTGAAATCT 
AACATATCTGTCCTATCTTTCCATCATTATCTCCACCAGGCGAACA 
GTTARnAGnTAAGAGTGGTAGATCAATTC 


5398 




TGGAAAGAIAGGACAGA 


5399 




TCTGTCCTATCTTTCCA 


5400 


Lead Tolerance 
calmodulin binding 

U dllopUl I piULcHI 


ATCTACCACTCTTAGCTGCTAACTGTTCGCCTGGTGGAGATAATG 
ATGGAAAGAGAGGACIGATATGTTAGATTTCAGGACTGCAAATCA 
GAGrAATPTGTTATfTrnAGAGAACGCAGTTT 


5401 


Hordeum vulgare 

Arg6Term 

AGA-TGA 


AAACTGCGTTCTCTGAGATAACAGATTGCTCTGATTTGCAGTCCTG 

AAATCTMCATATCAGTCCTCTCTTTCCATCATTATCTCCACCAGG 

rftAAOAGTTAGCAGCTAAGAGTGGTAGAT 


5402 




GAGAGGACTGATATGTT 


5403 




AACATATCAGTCCTCTC 


5404 


Lead Tolerance 
calmodulin binding 

U dl lofJUl 1 \j\ ULcN 1 


CCACTCTTAGCTGCTAACTGTTCGCCTGGTGGAGATAATGATGGA 
AAGAGAGGACAGATAGGTTAGATTTCAGGACTGCAAATCAGAGCA 
ATrTGTTATrTrAGAGAAnGnAGTTTCACCA 


5405 


Hordeum vulgare 

Tyr7Term 

TAT-TAG 


TGGTGAAACTGCGTTCTCTGAGATAACAGATTGCTCTGATTTGCAG 
TCCTGAAATCTAACCTATCTGTCCTCTCTTTCCATCATTATCTCCAC 
rAGGrGAAnAGTTAGCAGCTAAGAGTGG 


5406 




GACAGATAGGTTAGATT 


5407 




AATCTMCCTATCTGTC 


5408 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


ATCCTTCTCTGAGAAAAMCMCAGATCCGMTTTTATCTTTAATCA 
GCCGGAAAAAATGTAGAAAGCGATCGAGAGACAACGCGTTCTTCT 
TGAGCATCTCCGACCTTCTTCTTCTTCTT 


5409 


Arabidopsis thaliana 

Glu2Term 

GAG-TAG 


AAGAAGAAGAAGAAGGTCGGAGATGCTCAAGAAGAACGCGTTGTC 
TCTCGATCGCTTTCTACAI 1 1 1 1 1 CCGGCTGATTAAAGATAAAATTC 
GGATCTGTTGTTTTTTCTCAGAGAAGGAT 


5410 
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AAAAAATGIAGAAAGCG 


5411 




CGCIIICIACAIIIIII 


5412 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


CTTCTCTGAGAAAAAACAACAGATCCGAA 1 1 1 IAICI 1 IAAICAGC 

CGGAAAAAATGGAGIAAGCGATCGAGAGACAACGCGTTCTTCTTG 

AGCATCTCCGACCTTCTTCTTCTTCTTCGC 


5413 


Arabidopsis thaliana 
Lys3Term 

AAA TA A 

AAA- 1 AA 


GCGAAGAAGAAGAAGAAGGTCGGAGATGCTCAAGAAGAACGCGT 
TGTCTCTCGATCGCTTACTCCATTTTTTCCGGCTGATTAAAGATAA 

A ATT^O/^AT^TPTTPTTTT 1" I'PTPACACAAft 


5414 




AAATGGAGIAAGCGATC 


5415 




GATCGCTTACTCCATTT 


5416 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


GAAAAAACMCAGATCCGMTTTTATCTTTAATCAGCCGGAAAAAA 
TGGAGAAAGCGATCTAGAGACAACGCGTTCTTCTTGAGCATCTCC 
GACCTTCTTCTTCTTCTTCGCACAATTACG 


5417 


Arabidopsis thaliana 

Glu6Term 

GAG-TAG 


CGTAATTGTGCGAAGAAGAAGAAGAAGGTCGGAGATGCTCAAGAA 
GMCGCGTTGTCTCTAGATCGCTTTCTCCATTTTTTCCGGCTGATT 
AAAGATAAAATTCGGATCTGTTG M r 1 1 1 U 


5418 




AAGCGATCIAGAGACAA 


5419 




TTGTCTCTAGATCGCTT 


j 5420 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


AAMCMCAGATCCGMTTTTATCTTTAATCAGCCGGAAAAMTGG 
AGAAAGCGATCGAGIGACAACGCGTTCTTCTTGAGCATCTCCGAC 
CTTCTTCTTCTTCTTCGCACAATTACGAGG 


5421 


Arabidopsis thaliana 
Arg7Term 

A A TO A 

AGA-TGA 


CCTCGTAATTGTGCGAAGAAGAAGAAGAAGGTCGGAGATGCTCAA 
GAAGAACGCGTTGTCACTCGATCGCTTTCTCCA 1 1 1 1 1 ICCGGCT 

AATTA A A O ATA A A A TT/^^/^ ATPT/^TT^TTTT 

GATTAMGATAAAATTUooA 1 U 1 b 1 1 b 1 1 1 1 


5422 




CGATCGAGTGACAACGC 


5423 




GCGTTGTCACTCGATCG 


5424 


2,4-DB resistance 

3-ketoacyl-CoA 

mioiase 


ACMCAGATCCGMTTTTATCTTTAATCAGCCGGAAAAAATGGAGA 
MGCGATCGAGAGATAACGCGTTCTTCTTGAGCATCTCCGACCTT 


5425 


Arabidopsis thaliana 

Gln8Term 

CAA-TAA 


AAGCCTCGTAATTGTGCGAAGAAGAAGAAGAAGGTCGGAGATGCT 
CAAGAAGAACGCGTTATCTCTCGATCGCTTTCTCCA 1 1 1 1 1 ICCGG 
CTGATTAAAGATAAAATTCGGATCTGTTGT 


5426 




TCGAGAGATAACGCGTT 


5427 




AACGCGTTATCTCTCGA 


5428 
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2,4-DB resistance 
glyoxysomal beta- 
ketoacyol-thiolase 


GAGAGACAAAGAGTTCTTCTTGAACATCTCCGTCCTTCTTCTTCTT 

CCTCTCACAGCTTTTAAGGCTCTCTCTCTGCTTCAGCTTGCTTGGC 

TGGGGACAGTGCTGCGTATCAGAGGACCT 


5429 


nrD/*i ircnr 
pi cOUlbUl 

Brassica napus 
Glu26Term 


GCAGAGAGAGAGCCTTAAAAGCTGTGAGAGGAAGAAGAAGAAGG 
ACGGAGATGTTCAAGAAGAACTCTTTGTCTCTC 


5430 


HAA-TAA 


AOAoL» 1 1 1 vr 1 U 1 


5431 




AGAGCCTTAAAAGCTGT 


5432 


2,4-DB resistance 
glyoxysomal beta- 

kptnarvnl-thinla^p 

fxCLv/Ovjf Ul LI IIVslClOw 


TTGAACATCTCCGTCCTTCTTCTTCTTCCTCTCACAGCTTTGAAGG 
CTCTCTCTCTGCTTGAGCTTGCTTGGCTGGGGACAGTGCTGCGTA 
TCAGAGGACCTCTCTCTATGGAGATGATGT 


5433 


precursor 
Brassica napus 
Ser32T erm 

(Jwl 1 wl III 


ACATCATCTCCATAGAGAGAGGTCCTCTGATACGCAGCACTGTCC 
CCAGCCAAGCAAGCTCAAGCAGAGAGAGAGCCTTCAAAGCTGTG 
AGAGGAAGAAGAAGAAGGACGGAGATGTTCAA 


5434 


TCA-TGA 


CTCTGCTTGAGCTTGCT 


5435 




AGCAAGCTCAAGCAGAG 


5436 


2,4-DB resistance 
glyoxysomal beta- 

kptnanvnl-thinla^p 


TCTCCGTCCTTCTTCTTCTTCCTCTCACAGCTTTGAAGGCTCTCTC 

TCTGCTTCAGCTTGATTGGCTGGGGACAGTGCTGCGTATCAGAG 

GACCTCTCTCTATGGAGATGATGTAGTCATT 


5437 


precursor 
Brassica napus 
Cvs34Term 

VIWU » 1 villi 


AATGACTACATCATCTCCATAGAGAGAGGTCCTCTGATACGCAGC 

ACTGTCCCCAGCCAATCAAGCTGAAGCAGAGAGAGAGCCTTCAAA 

GCTGTGAGAGGAAGAAGAAGAAGGACGGAGA 


5438 


TGC-TGA 


TCAGCTTGATTGGCTGG 


5439 




CCAGCCAATCAAGCTGA 


5440 


2,4-DB resistance 
glyoxysomal beta- 

l\clUaUyUrUIIUIdoc 


TCCGTCCTTCTTCTTCTTCCTCTCACAGCTTTGAAGGCTCTCTCTC 
TGCTTCAGCTTGCTAGGCTGGGGACAGTGCTGCGTATCAGAGGA 
PnTCTnTCTATGGAGATGATGTAGTCATTGT 


5441 


precursor 
Brassica napus 
Leu35Term 


ACAATGACTACATCATCTCCATAGAGAGAGGTCCTCTGATACGCA 
GCACTGTCCCCAGCCTAGCAAGCTGAAGCAGAGAGAGAGCCTTC 
AAAGCTGTGAGAGGAAGAAGAAGAAGGACGGA 


5442 


TTG-TAG 


AGCTTGCTAGGCTGGGG 


5443 




CCCCAGCCTAGCAAGCT , 


5444 
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2,4-DB resistance 
glyoxysomal beta- 

kptnflPVfll-thinlflQP 
r\t?LUciuy ui u uuiaoc 


TCACAGCTTTGAAGGCTCTCTCTCTGCTTCAGCTTGCTTGGCTGG 

GGACAGTGCTGCGTAGCAGAGGACCTCTCTCTATGGAGATGATGT 

AGTCATTGTTGnGGCACATAGGACTGCACTA 


5445 


precursor 
Brassica napus 
Tvr42Term 


TAGTGCAGTCCTATGTGCCGCAACAATGACTACATCATCTCCATA 

GAGAGAGGTCCTCTGCTACGCAGCACTGTCCCCAGCCAAGCAAG 

CTGAAGCAGAGAGAGAGCCTTCAAAGCTGTGA 


5446 


TAT-TAG 


GCTGCGTAGCAGAGGAC 


5447 




GTCCTCTGCTACGCAGC 


5448 


2,4-DB resistance 
3-ketoacyl-CoA 

UliUiaoc d 


CAACAGACAGCAAGTGTTGCTCCAGCATCTCCGCCCTTCTAATTC 

TTCTTCTCACAATTA6GAGTCCGCTCTTGCCGCATCAGTATGTGCT 

GOAGGGGATAGCGCCGCATATCATAGGGCT 


5449 


Mangifera indica 

Tyr25Term 

TAC-TAG 


AGCCCTATGATATGCGGCGCTATCCCCTGCAGCACATACTGATGC 

GGCAAGAGCGGACTCCTAATTGTGAGAAGAAGAATTAGAAGGGC 

GGAGATGCTGGAGCAACACTTGCTGTCTGTTG 


5450 




CACAATTAGGAGTCCGC 


5451 




GCGGACTCCTAATTGTG 


5452 


2,4-DB resistance 
3-ketoacyol-CoA 

UllUldoC D 


AACAGACAGCAAGTGTTGCTCCAGCATCTCCGCCCTTCTAATTCTT 

CTTCTCACAATTACIAGTCCGCTCTTGCCGCATCAGTATGTGCTG 

PAGGGGATAGrGrr.GnATATCATAGGGCTT 


5453 


Magnifera indica 

Glu26Term 

GAG-TAG 


AAGCCCTATGATATGCGGCGCTATCCCCTGCAGCACATACTGATG 

CGGCAAGAGCGGACTAGTAATTGTGAGAAGAAGAATTAGAAGGG 

rGGAGATGCTGGAGCMCACTTGCTGTCTGTT 


5454 




ACAATTACIAGTCCGCT 


5455 




AGCGGACTAGTAATTGT 


5456 ! 


2,4-DB resistance 
3-ketoacy\ol-CoA 

UllUldoc D 


TCCAGCATCTCCGCCCTTCTAATTCTTCTTCTCACAATTACGAGTC 
CGCTCTTGCCGCATGAGTATGTGCTGCAGGGGATAGCGCCGCAT 

ATPATAGGRPTTrTGTTTATGGAGArGATGT 


5457 


Mangifera indica 

Ser32Term 

TCA-TGA 


ACATCGTCTCCATAAACAGAAGCCCTATGATATGCGGCGCTATCC 

CCTGCAGCACATACTCATGCGGCAAGAGCGGACTCGTAATTGTGA 

GAAGAAGAATTAGAAGGGCGGAGATGCTGGA 


5458 




TGCCGCATG.AGTATGTG 


5459 




CACATACTCATGCGGCA 


5460 
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2,4-DB resistance 
3-ketoacyl-CoA 
tnioiase d 


TCTCCGCCCTTCTAATTCTTCTTCTCACMTTACGAGTCCGCTCTT 
GCCGCATCAGTATGAGCTGCAGGGGATAGCGCCGCATATCATAG 

PPTTPTCTTTATf^ A(^ A PC± ATPTftftTft ATT 
bbU l 1 \j 1 b 1 1 1 A 1 bbAbAL/bA 1 b 1 ou 1 UM 1 1 


5461 


Mangifera indica 
Cys34Term 

1 O 1 1 On 


AATCACCACATCGTCTCCATAAACAGAAGCCCTATGATATGCGGC 
GCTATCCCCTGCAGCTCATACTGATGCGGCAAGAGCGGACTCGT 

AATTftTCAfSAAfiAARAATTAfiAAfififiPfJftAfiA 


5462 




TCAGTATGAGCTGCAGG 


5463 




CCTGCAGCTCATACTGA 


5464 


2,4-DB resistance 
3-ketoacyl-CoA 
inioiase d 


TCACAATTACGAGTCCGCTCTTGCCGCATCAGTATGTGCTGCAGG 
GGATAGCGCCGCATAGCATAGGGCTTCTGTTTATGGAGACGATGT 

f^CT^ATTfTrrSftPAftPTPATPCTAPTftPAPTT 
OO 1 bA 1 1 b 1 oUUnbU 1 OA 1 1 nw 1 OOMU 1 1 


5465 


Mangifera indica 
Tyr42Term 

TAT-TAft 


AAGTGCAGTACGATGAGCTGCCACAATCACCACATCGTCTCCATA 
AACAGAAGCCCTATGCTATGCGGCGCTATCCCCTGCAGCACATAC 

T^ATfiPfifir'AARARrRfiArTrfiTAATTftTftA 


5466 




GCCGCATAGCATAGGGC 


5467 




GCCCTATGCTATGCGGC 


5468 


2,4-DB resistance 

3-ketoacyl-CoA 

tnioiase 


GAAGGCGATCAACAGGCAGAGCATTTTGCTACATCATCTCCGGCC 
TTCTTCTTCCGCTTAGACAAATGAATCTTCGCTCTCTGCATCGGTT 

TPTP P hfirTfcdna AT A fTTftPTTPftT ATP a a 
1 b 1 bOAbLr 1 bbbbA 1 Mb 1 bLr 1 1 1 A I UAA 


5469 


Cucumis sativus 
Tyr22Term 

TAP-TAR 


TTGATACGAAGCACTATCCCCAGCTGCACAAACCGATGCAGAGAG 
CGAAGATTCATTTGTCTAAGCGGAAGAAGAAGGCCGGAGATGATG 

TAfiPAAAATrtrTPTfirTTriTTfiATPfimTr 
1 MOOnnnn 1 1 L» 1 Ul/l> loll V3M 1 1>UIA/ 1 1 V»r 


5470 




TCCGCTTAGACAAATGA 


5471 




TCATTTGTCTAAGCGGA 


5472 


2,4-DB resistance 

3-ketoacyi-CoA 

tnioiase 


ATCAACAGGCAGAGCATTTTGCTACATCATCTCCGGCCTTCTTCTT 
CCGCTTACACAAATTAATCTTCGCTCTCTGCATCGGTTTGTGCAGC 

TPPPP ATA PTPPTTPPT ATP A A AOf2 A PAT 

1 bbobA 1 Ab 1 bO 1 1 Ob 1 A 1 UAAAbbAuA I 


5473 


Cucumis sativus 

Glu25Term 

GAA-TAA 


ATGTCCTTTGATACGAAGCACTATCCCCAGCTGCACAAACCGATG 
CAGAGAGCGAAGATTAATTTGTGTAAGCGGAAGAAGAAGGCCGG 
AGATGATGTAGCAAAATGCTCTGCCTGTTGAT 


5474 




ACACAAATTAATCTTCG 


5475 




CGAAGATTAATTTGTGT 


5476 
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II 


seqI 

111 : 


2,4-DB resistance 

3-ketoacyl-CoA 

thioiase 

U llwiUww 

Cucumis sativus 

Ser27Term 

TCG-TAG 


GGCAGAGCA I 1 1 1 GC I ACATCATCTCCGGCCTTCTTCTTCCGCTTA 
CACAAATGAATCTTAGCTCTCTGCATCGGTTTGTGCAGCTGGGGA 
TAGTGCTTCGTATCAAAGGACATCGGTGTT 


5477 


AACACCGATGTCCTTTGATACGAAGCACTATCCCCAGCTGCACAA 
ACCGATGCAGAGAGCIAAGATTCATTTGTGTAAGCGGAAGAAGAA 
GGCCGGAGATGATGTAGCAAAATGCTCTGCC 


5478 ' 


1 Unn lull MOO 1 \j \ \j 1 vj 


5479 


CAGAGAGCTAAGATTCA 


5480 


2,4-DB resistance 

3-ketoacyl-CoA 

thiola^p 

Cucumis sativus 

Ser31Term 

TCG-TAG 


TGCTACATCATCTCCGGCCTTCTTCTTCCGCTTACACAAATGAATC 
TTCGCTCTCTGCATAGGTTTGTGCAGCTGGGGATAGTGCTTCGTA 
TCAAAGGACATCGGTGTTTGGAGATGATGT 


5481 


ACATCATCTCCAMCACCGATGTCCTTTGATACGAAGCACTATCCG 

CAGCTGCACAAACCIATGCAGAGAGCGAAGATTCATTTGTGTAAG 

CGGAAGAAGAAGGCCGGAGATGATGTAGCA 


5482 


\j 1 \j 1 Owfl 1 MOVJ 1 1 IOIO 


5483 


rArAAACCTATGCAGAG 


5484 


2,4-DB resistance 
3-ketoacyl-CoA 

Cucumis sativus 

Cys33Term 

TGT-TGA 


TCATCTCCGGCCTTCTTCTTCCGCTTACACAAATGAATCTTCGCTC 
TCTGCATCGGTTTGAGCAGCTGGGGATAGTGCTTCGTATCAAAGG 
ACATCGGTGTTTGGAGATGATGTCGTGATT 


5485 


AATCACGACATCATCTCCAAACACCGATGTCCTTTGATACGAAGCA 

CTATCCCCAGCTGCICAAACCGATGCAGAGAGCGAAGATTCATTT 

GTGTAAGCGGAAGAAGAAGGCCGGAGATGA 


5486 


1 UOU 1 1 1 \3tVJ\jrVJ\j 1 VJVJ 


5487 


CCAGCTGCTCAAACCGA 


5488 


2,4-DB resistance 

3-ketoacyl-CoA 

thioiase 

U II wl Uww 

Cucurbita sp. 

Tyr22Term 

TAT-TAG 


GAAGGCAATCAACAGGCAGAGCATTCTGCTACATCATCTCCGGCC 
TTCATCTTCGGCTTAGAGCCATGAATCTTCGCTCTCTGCATCGGTT 
TGTGCAGCTGGGGATAGTGCGTCGTATCAA 


5489 


TTGATACGACGCACTATCCCCAGCTGCACAAACCGATGCAGAGAG 

CGAAGATTCATGGCTCTAAGCCGAAGATGAAGGCCGGAGATGAT 

GTAGCAGAATGCTCTGCCTGTTGATTGCCTTC 


5490 


TCGGCTTAGAGCCATGA 


5491 


TCATGGCTCTAAGCCGA 


5492 
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Alteration 
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SEQID 
NO: 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


ATCAACAGGCAGAGCATTCTGCTACATCATCTCCGGCCTTCATCTT 

CGGCTTATAGCCATIAATCTTCGCTCTCTGCATCGGTTTGTGCAG 

CTGGGGATAGTGCGTCGTATCAAAGAACGT 


5493 


Cucurbita sp. 

Glu25Term 

GAA-TAA 


ACGTTCTTTGATACGACGCACTATCCCCAGCTGCACAMCCGATG 
CAGAGAGCGAAGATTAATGGCTATAAGCCGAAGATGAAGGCCGG 
AGATGATGTAGCAGAATGCTCTGCCTGTTGAT 


5494 




ATAGCCATTAATCTTCG 


5495 




CGAAGATTAATGGCTAT 


5496 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


GGCAGAGCATTCTGCTACATCATCTCCGGCCTTCATCTTCGGCTT 
ATAGCCATGAATCTTAGCTCTCTGCATCGGTTTGTGCAGCTGGGG 
ATAGTGCGTCGTATCAAAGAACGTCGGTGTT 


5497 


Cucurbits sp. 

Ser27Term 

TCG-TAG 


AACACCGACGTTCTTTGATACGACGCACTATCCCCAGCTGCACAA 
ACCGATGCAGAGAGCTAAGATTCATGGCTATAAGCCGAAGATGAA 
GGCCGGAGATGATGTAGCAGAATGCTCTGCC 


5498 




TGAATCTTAGCTCTCTG 


5499 




CAGAGAGCTAAGATTCA 


5500 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 

LI IIVIUww 


TGCTACATCATCTCCGGCCTTCATCTTCGGCTTATAGCCATGAATC 
TTCGCTCTCTGCATAGGTTTGTGCAGCTGGGGATAGTGCGTCGTA 
TCAAAGAACGTCGGTGTTTGGAGATGATGT 


5501 


Cucurbita sp. 

Ser31Term 

TCG-TAG 


ACATCATCTCCAAACACCGACGTTCTTTGATACGACGCACTATCCC 
CAGCTGCACAAACCIATGCAGAGAGCGAAGATTCATGGCTATAAG 
CCGAAGATGMGGCCGGAGATGATGTAGCA 


5502 




CTCTGCATAGGTTTGTG 


5503 




CACAAACCIATGCAGAG 


5504 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


TCATCTCCGGCCTTCATCTTCGGCTTATAGCCATGAATCTTCGCTC 
TCTGCATCGGTTTGAGCAGCTGGGGATAGTGCGTCGTATCAAAGA 
ACGTCGGTGTTTGGAGATGATGTCGTGATA 


5505 


Cucurbita sp. 

Cys33Term 

TGT-TGA 


TATCACGACATCATCTCCAAACACCGACGTTCTTTGATACGACGCA 
CTATCCCCAGCTGCTCAAACCGATGCAGAGAGCGAAGATTCATGG 
(TTATAAGCCGAAGATGAAGGCCGGAGATGA 


5506 




TCGGTTTGAGCAGCTGG 


5507 




CCAGCTGCTCAAACCGA 


5508 


2,4 DB resistance 
Pex14 

Arabidopsis thaliana 


'ICAIAGICICTI 1 IGCCGCI 1 GGATTCTTCCAAGGTTAGTGAGCTG 

CTATGGCMCTCATTAGCAAACGCAACCTCCTTCCGATTTTCCCG 

CTCTTGCCGATGAAAATTCCCAGATTCCAG 


5509 


GlnSTerm 
CAG-TAG 


CTGGAATCTGGGAATTTTCATCGGCAAGAGCGGGAAAATCGGAAG 

GAGGTTGCGTTTGCTAATGAGTTGCCATAGCAGCTCACTAACCTT 

GGAAGAATCCAAGCGGCAAAAGAGACTATGA 


! 5510 
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CAACTCATTAGCAAACG 


5511 




CGTTTGCTAATGAGTTG 


5512 


2,4 DB resistance 
Pex14 

AraDiaopsis waiiana 


TAGTCTCTTTTGCCGCTTGGATTCTTCCAAGGTTAGTGAGCTGCTA 
TGGCAACTCATCAGTAAACGCAACCTCCTTCCGATTTTCCCGCTC 

"TTYiPPf^ ATY2A A A ATTPPPAfIS ATTPP Afi^TT 
1 1 oLfOoA 1 w\AAA 1 1 OOOAoA 1 1 L»L/Aoo 1 1 


5513 


Gln6Term 
CM-TAA 


AACCTGGAATCTGGGAATTTTCATCGGCAAGAGCGGGAAAATCGG 
AAGGAGGTTGCGTTTACTGATGAGTTGCCATAGCAGCTCACTAAC 


5514 




CTCATCAGTAAACGCAA 


5515 




TTGCGTTTACTGATGAG 


5516 


2,4 DB resistance 
Pex14 

/vdoioopsis tnaiiana 


CI 1 1 IGCCGCI IGGAI ICI ICCAAGG'I IAGTGAGCTGCTATGGCA 
ACTCATCAGCAAACGIAACCTCCTTCCGAI 1 1 1 CCCGCTCTTGCC 

PATpA A A ATTPPPA^ATTPP Af^fyiTPA ATTT 
oA 1 oAAAA 1 1 OULrAbA 1 1 UUAovj 1 1 OAA 1 1 1 


5517 


Gln8Term 
CM-TAA 


AAATTGAACCTGGAATCTGGGAATTTTCATCGGCAAGAGCGGGAA 
AATCGGAAGGAGGTTACGTTTGCTGATGAGTTGCCATAGCAGCTC 

APTAAPPTTr5<^AAf3AATf x PAAftPf3ftPAAAAft 


5518 




AGCAAACGTAACCTCCT 


5519 




AGGAGGTTACGTTTGCT 


5520 


2,4 DB resistance 
Pex14 

fvdDiuopsis tnaiiana 


GCTGCTATGGCMCTCATCAGCAMCGCMCCTCCTTCCGATTTT 
CCCGCTCTTGCCGATIAAAATTCCCAGATTCCAGGTTCAATTTACA 

PrTTOTA ATPATTATTTPTTAATTT 1 ITTT 
\ 1 U \nJ\\ On 1 Inl 1 1 MMI 1 1 1 1 L> 1 1 


5521 


Glu19Term 
GAA-TAA 


AAGAAAAATTAAGAAATAATGATTAGAAGGTGTAAATTGAACCTGG 
MTCTGGGAATTTTAATCGGCAAGAGCGGGAAAATCGGAAGGAG 

^TT^PriTTTrSPT^AT^AnTT^PPATA^PAnr 


5522 ; 




TTGCCGATTAAAATTCC 


5523 




GGAATTTTAATCGGCAA 


5524 i 


2,4 DB resistance 
Pex14 

Arabidopsis thaliana 


GCMCTCATCAGCAMCGCMCCTCCTTCCGATTTTCCCGCTCTT 
GCCGATGAAM7TCCTAGATTCCAGGTTCAATTTACACCTTCTAAT 
CATTATTTCTTAAI 1 1 1 ICTTTGGTGGATT 


5525 j 


Gln22Term 
CAG-TAG 


MTCCACCAAAGAAAAATTAAGAAATAATGATTAGAAGGTGTAAATT 
GAACCTGGAATCTAGGAATTTTCATCGGCAAGAGCGGGAAAATCG 
GAAGGAGGTTGCGTTTGCTGATGAGTTGC 


5526 ' 




AAAATTCCTAGATTCCA 


5527 ; 




TGGAATCTAGGAATTTT 


5528 
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Example 8 

Production of albino mutants for the analysis of photosynthetic processes 

Plant productivity is limited by resources available and the ability of plants to harness these 
resources. The conversion of light to chemical energy, which is then used to synthesize carbohydrates, fatty 
acids, sugars, amino acids and other compounds, requires a complex system which combines the light 
harvesting apparatus of pigments and proteins. The value of light energy to the plant can only be realized 
when it is efficiently converted into chemical energy by photosynthesis and fed into various biochemical 
processes. Significant effort has therefore been directed at studying photosynthetic processes in plants in 
order to improve productivity and/or the efficiency of photosynthesis. The analysis of the photosynthetic 
process is substantially aided by the ability to produce albino plants. 

The attached table discloses exemplary oligonucleotide base sequences which can be 
used to generate site-specific mutations in genes involved in starch metabolism. 
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Table 18 

Oligonucleotides to produce albino plants 



5 







SEQ ID 

NO; 


White leaves 
Immutans 

Arabidopsis thaliana 

Ser5Term 

TCA-TGA 


TTCTTTCCTGTGAMTTATCTGCTCAMTCTTTGGTTCCTGACGGAG 

ATGGCGGCGATnGAGGCATCTCCTCTGGTACGTTGACGATTTCA 

CGGCCTTTGGTTACTCTTCGACGCTCTAG 


5529 


CTAGAGCGTCGAAGAGTMCCAAAGGCCGTGAAATCGTCAACGTA 
CCAGAGGAGATGCCTCAAATCGCCGCCATCTCCGTCAGGAACCAA 
AGATTTGAGCAGATAATTTCACAGGAAAGAA 


5530 


GGCGATTTGAGGCATCT 


5531 


AGATGCCTCAAATCGCC 


oooz 


White leaves 
Immutans 

Arabidopsis thaliana 

Leu12Term 

TTG-TAG 


GCTCAAATCTTTGGTTCCTGACGGAGATGGCGGCGATTTCAGGCA 
TCTCCTCTGGTACGTAGACGATTTCACGGCCTTTGGTTACTCTTCG 
ACGCTCTAGAGCCGCCGTTTCGTACAGCTC 


5533 


GAGCTGTACGAAACGGCGGCTCTAGAGCGTCGAAGAGTAACCAAA 
GGCCGTGAAATCGTCTACGTACCAGAGGAGATGCCTGAAATCGCC 
GCCATCTCCGTCAGGAACCAAAGATTTGAGC 


5534 


TGGTACGTAGACGATTT 


5535 


AAATCGTCTACGTACCA 


5536 


White leaves 
Immutans 

Arabidopsis thaliana 

Ser15Term 

TCA-TGA 


TTTGGTTCCTGACGGAGATGGCGGCGAT1TCAGGCATCTCCTCTG 
GTACGTTGACGATTTGACGGCCTTTGGTTACTCTTCGACGCTCTAG 
AGCCGCCGTTTCGTACAGCTCCTCTCACCG 


5537 


CGGTGAGAGGAGCTGTACGAAACGGCGGCTCTAGAGCGTCGAAG 
AGTAACCAAAGGCCGTCAAATCGTCAACGTACCAGAGGAGATGCC 
TGAAATCGCCGCCATCTCCGTCAGGAACCAAA 


5538 


GACGATTTGACGGCCTT 


5539 


MGGCCGTCAAATCGTC 


5540 


White leaves 
Immutans 

Arabidopsis thaliana 

Arg22Term 

CGA-TGA 


GCGGCGATTTCAGGGATCTCC 1 CTGGTACG 1 1 GACGA1TTCACGG 
CCTTTGGTTACTCTTTGACGCTCTAGAGCCGCCGTTTCGTACAGCT 
CCTCTCACCGATTGCTTCATCATCTTCCTC 


5541 


GAGGAAGATGATGAAGCAATCGGTGAGAGGAGCTGTACGAAACG 

GCGGCTCTAGAGCGTCAAAGAGTAACCAAAGGCCGTGAAATCGTC 

AACGTACCAGAGGAGATGCCTGAAATCGCCGC 


5542 


TTACTCTTTGACGCTCT 


5543 


AGAGCGTCAAAGAGTM 


5544 
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White leaves 
Immutans 

Arabidopsis thaliana 

Arg25Term 

AGA-TGA 


TCAGGCATCTCCTCTGGTACGTTGACGATTTCACGGCCTTTGG I I A 

CTCTTCGACGCTCTIGAGCCGCCGTTTCGTACAGCTCCTCTCACC 

GATTGCTTCATCATCTTCCTCTCTCTTCTC 


5645 


GAGAAGAGAGAGGAAGATGATGAAGCMTCGGTGAGAGGAGCTG 
TACGAAACGGCGGCTCAAGAGCGTCGAAGAGTAACCAAAGGCCG 

TO A A ATfV^T/"* A A OPT A APA A O ATOOPTP A 

TGAAATCGTOAACGTACCAGAGGAGATGOOT GA 


5546 


GACGCTCTTGAGCCGCC 


5547 


GGCGGCTCAAGAGCGTC 


5548 


White leaves 

Immutans 

Lycopersicon 

esculentum 

Gly11Term 

GGA-TGA 


GATTCTTGTGGGAAGGAAGMGGATCAAGAATGGCGATTTCGATn' 
CTGCTATGAGTTTnGMCCTCAGmCTTCATAnCTTGTTTTAGA 

oU 1 AbuAb II II bAbAAb 1 UA 1 L»Ab 1 1 1 


5549 


AAACTGATGACTTCTCAAAACTCCTAGCTCTAAAACAAGAATATGM 
GAMCTGAGGTTCAAAAACTCATAGCAGAAATCGAAATCGCCATTC 

TTPATPPTTrTTrPTTPPP APAAPA ATP 

1 1 bA 1 UU MUM OU 1 1 OOLrAOAAbAA 1 U 


5550 


TGAGTTTTTGAACCTCA 


5551 


TGAGGTTCAAAAACTCA 


5552 


White leaves 

Immutans 

Lycopersicon 

esculentum 

Ser13Term 

TCA-TGA 


GTGGGAAGGAAGAAGGATCAAGAATGGCGATTTCGATTTCTGCTA 
TGAGI 1 1 IGGAACCTGAGTTTCTTCATATTCTTGTTTTAGAGCTAGG 

A PI 1 1 1 PAPA A PTP ATP A PTTTT ATPP A A 
Ab MM bAbAAb 1 OA 1 OAb M M A 1 bLrAA 


5553 


TTGCATAAAACTGATGACTTCTCAAAACTCCTAGCTCTAAAACAAGA 
ATATGAAGAAACTCAGGTTCCAAAACTCATAGCAGAAATCGAAATC 

PPP ATTPTTft ATPPTTPTTPPTTPPr A f 
bOOA MUM VjA 1 L»U 1 1 O 1 1 ULr I 1 OUWAO 


5554 


TGGAACCTGAGTTTCTT 


5555 


AAGAAACTCAGGTTCCA 


5556 


White leaves 

Immutans 

Lvcooersicon 

esculentum 

Ser16Term 

TCA-TGA 


MGMGGATCMGAATGGCGATTTCGATTTCTGCTATGAGTTTTGG 
AACCTCAGTTTCTTGATATTCTTG 1 1 1 IAGAGCIAGGAGI 1 1 IGAGA 
AGTCATCAGI 1 1 lATGCAATTCCCAGAA 


5557 


TTCTGGGAATTGCATAAAACTGATGACTTCTCAAAACTCCTAGCTC 
TAAAACAAGAATATCAAGAAACTGAGGTTCCAAAACTCATAGCAGA 
AATCGAAATCGCCATTCTTGATCCTTCTT 


5558 


AGTTTCTTGATATTCTT 


5559 


AAGAATATCAAGAAACT 


5560 


White leaves 

Immutans 

Lycopersicon 

esculentum 

Tyr17Term 

TAT-TAG 


AGGATCMGMTGGCGATTTCGATTTCTGCTATGAGTTTTGGAACC 
TCAGTTTCnCATAGTCTTGTTITAGAGCTAGGAGTTTTGAGAAGTC 

ATPAPI 1 1 I ATPOA ATTPPPAPA A/>f*/>A 

ATCAG 1 1 1 1 ATGCAATTCCCAGAACCCA ! 


5561 


TGGGTTCTGGGAATTGCATAAAACTGATGACTTCTCAAAACTCCTA 
GCTCTAAAACAAGACTATGAAGAAACTGAGGTTCCAAAACTCATAG 
CAGAAATCGAAATCGCCATTCTTGATCCT 


5562 


TCTTCATAGTCTTGTTT 


5563 


AAACAAGACTATGAAGA 


5564 



WO 01/92512 



-117- 



PCT/US01/17672 



White leaves 

Immutans 

Lycopersicon 

esculentum 

Cys19Term 

TGT-TGA 


MGMTGGCGATnCGATTTCTGCTATGAGTTTTGGAACCTCAGTT 
TCTTCATATTCTTGATTTAGAGCTAGGAG 1 1 1 1 GAGAAGTCATCAGT 

TTTAT^rAATTPrrA^AArrrATfiTrfifi 

1 1 1 Ml Ovnn 1 1 OOV^AOMMuOVyrV 1 V3 1 wOVJ 


5565 


CCGACATGGGTTCTGGGAATTGCATAAAACTGATGACTTCTCAAAA 
CTCCTAGCTCTAAAICAAGAATATGAAGAAACTGAGGTTCCAAAAC 

1 \sr\ 1 AOv/AOAAA 1 wUmtt 1 uuwuA 1 lul 1 


5566 


TATTCTTGATTTAGAGC 


5567 


GCTCTAAATCAAGAATA 


5568 


White leaves 
Immutans 
LfdpsiCUUi dnnuuni 
Ser13Term 
TCA-TGA 


CGCGTCCGATAAAAAAATCAAGAATGGCGATTTCCATATCTGCTAT 
GAGTTTTCGMCTTGAGTnCTTCnCATATTCAGCATTTTTGTGCA 
ATTPPAAftAArPrA 1 1 1 1 fiTTTfiAATTfi 

A 1 1 UunnOnnL/Ovn 1 1 1 1 O 1 1 1 OAA 1 1 Vy 


5569 


GAATTCAAACAAAATGGGTTCTTGGAATTGCACAAAAATGCTGAAT 
ATGAAGAAGAAACTCAAGTTCGAAAACTCATAGCAGATATGGAAAT 
rare ATmrRA 1 1 1 1 1 1 1 ATr.fifiAn.GCft 

vuUVjn 1 IOI 1 OA 1 1 1 1 1 1 lAIOOOAOOwO 


5570 


TCGAACTTGAGTTTCTT 


5571 


AAGAAACTCAAGTTCGA 


5572 


White leaves 
Immutans 
Ldpsicum dnnuum 
Ser17Term 
TCA-TGA 


AAAAATCAAGAATGGCGATTTCCATATCTGCTATGAGT niUGAACT 
TCAGTTTCTTCTTG ATATTCAGCA 1 1 1 1 1 GTGCAATTCCAAGAACCC 

/villi ftTTTfiA ATTPTPTA 1 1 1 1 PAPT 
A 1 1 1 1 O 1 1 1 OAA 1 1 V»< 1 O I A 1 1 1 1 \jf\\j 1 


5573 


AGTGAAAATAGAGAATTCAAACAAAATGGGTTCTTGGAATTGCACA 
AAAATGCTGAATATCAAGAAGAAACTGAAGTTCGAAAACTCATAGC 

AfiATATfifiAAATPfiPPATTPTTfiA 1 1 1 1 1 
AOAI A 1 OOAAAI voVA/AI IL/I IOAI 1 1 1 1 


5574 ' 


TTCTTCTTGATATTCAG 


5575 


CTGAATATCAAGAAGAA 


5576 


White leaves 
Immutans 

LrdpSICUlu annuuw 

Ser19Term 
TCA-TGA 


CAAGAATGGCGATTTCCATATCTGCTATGAGTT"1 1 CGAACTTCAGT 
TTCTTCTTCATATTGAGCA 1 1 1 1 1 GTGCAATTCCAAGAACCCATTTT 

f^TTTfi A ATTPTPTA 1 1 1 I'PAPTTAfifiAA 

O 1 1 1 OAA 1 1 \j 1 O 1 A 1 1 1 1 unv 1 1 AO OAA 


5577 


TTCCTAAGTGAAAATAGAGAATTCAAACAAAATGGGTTCTTGGAATT 
GCACAAAAATGCTCAATATGAAGAAGAAACTGAAGTTCGAAAACTC 

ATAfiPAfiATATfifiAAATPfiPPATTPTTft 

A 1 AO*w»AOA 1 A 1 OOAAM 1 WV/Vn 1 1 \»> 1 1 O 


5578 


TTCATATTGAGCATTTT 


5579 


AAAATGCTCAATATGAA 


5580 


White leaves 
Immutans 
oaps/cu/n annuuin 
Leu21Term 
TTG-TAG 


CGATTTCCATATCTGCTATGAGTTnCGMCTTCAGTTTCTTCTTCA 
TATTCAGCATTTTAGTGCMTTCCMGMCCCATTTTGTTTGAATTC 

TPT ATTTTr 1 APTTA GCZ A ATTPTP AT A ft 


5581 


CTATGAGAATTCCTAAGTGAAAATAGAGAATTCAAACAAAATGGGTT 

CTTGGAATTGCACTAAAATGCTGAATATGAAGAAGAAACTGAAGTT 

CGAAAACTCATAGCAGATATGGAAATCG 


5582 


AGCATTTTAGTGCAATT 


5583 


AATTGCACIAAAATGCT 


5584 
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White leaves 
Immutans 

Odf/o/uu/// alillUUlll 

Cys22Term 
TGC-TGA 


TTCCATATCTGCTATGAG 1 1 1 1 CGAACTTCAGTTTCTTCTTCATATT 
CAGCAI 1 1 1 1 GTGAAAnCCMGMCCCATTTTGTTTGAATTCTCTA 
T'l 1 1 CACTTAGGAATTCTCATAGAACT 

1 1 1 1 w/\w I I r\w wr\r\ i i w i I r\\jr\r\\j i 


5585 


AGTTCTATGAGAATTCCTAAGTGAAAATAGAGAATTCAAACAAAATG 

GGTTCnGGAATTTCACAAAAATGCTGAATATGAAGAAGAAACTGA 

AGTTCGAAAACTCATAGCAGATATGGAA 

r\w i i ww/vi/vr\w i w/» I /V w w/\ w/\ i f \ i vjunn 


5586 


TTTTTGTGAAATTCCAA 


5587 


TTGGAATTTCACAAAAA 


5588 


White leaves 
Immutans 

C\r\r70 oath/a 
\J\yLa oaliVa 

Glu22Term 
GAG-TAG 


TTCGGCACGAGGGAGAAGGAGCAGACCGAGGTGGCCGTCGAGG 

AGTCCTTCCCCTTCAGGIAGACGGCTCCTCCTGACGAGCCACTGG 

TrArnGnCGAGGAGAGCTGGGTGGTTAAGCTCG 


5589 


CGAGCTTAACCACCCAGCTCTCCTCGGCGGTGACCAGTGGCTCG 
TCAGGAGGAGCCGTCTACCTGAAGGGGAAGGACTCCTCGACGGC 
OACCTCGGTnTGCTCCTTCTCCCTCGTGCCGAA 

vAuu 1 WWW I W 1 WW 1 WW 1 1 W 1 WWW 1 WW 1 WWWW/ui 


5590 


CCTTCAGGTAGACGGCT 


5591 


AGCCGTCTACCTGAAGG 


5592 


White leaves 
Immutans 

UfyZa Saliva 

Glu28Term 
CAG-TAG 


GAGCAGACCGAGGTGGCCGTCGAGGAGTCCTTCCCCTTCAGGGA 
GACGGCTCCTCCTGACTAGCCACTGGTCACCGCCGAGGAGAGCT 

GGnTGGTTAAGrTrGAGPAGTrrGTGAArATTT 


5593 


AAATGTTCACGGACTGCTCGAGCTTAACCACCCAGCTCTCCTCGG 
CGGTGACCAGTGGCTAGTCAGGAGGAGCCGTCTCCCTGAAGGGG 
AAGGArTrrTPGArGGfinAnnTCGfiTnTGnTC 


5594 


CTCCTGACIAGCCACTG 


5595 


CAGTGGCTAGTCAGGAG 


5596 


White leaves 
Immutans 

\J\yCa oaUVa 

Glu34Term 
GAG-TAG 


GTCGAGGAGTCCTTCCCCTTCAGGGAGACGGCTCCTCCTGACGA 
GCCACTGGTCACCGCCIAGGAGAGCTGGGTGGTTAAGCTCGAGC 
AGTrrGTGAArATTTTnnTCAOGGAGTnAGTCA 

nu 1 www i unnun Mil ww I wr\wwwr\w i wr\w i w/i 


5597 


TGACTGACTCCGTGAGGAAAATGTTCACGGACTGCTCGAGCTTAA 
CCACCCAGCTCTCCTAGGCGGTGACCAGTGGCTCGTCAGGAGGA 

GrrGTrTrrrTGAAGGRGAAGGArTHCTCGAC 

ww ww 1 w 1 www 1 wnAVJwUunnUUnv; 1 Ww 1 WW/^W 


5598 


TCACCGCCTAGGAGAGC 


5599 


GCTCTCCTAGGCGGTGA 


5600 


White leaves 
Immutans 

UfyZa Saliva 

Glu35Term 
GAG-TAG 


GAGGAGTCCTTCCCCTTCAGGGAGACGGCTCCTCCTGACGAGCC 
ACTGGTCACCGCCGAGTAGAGCTGGGTGGTTAAGCTCGAGCAGT 

wwO 1 VjMnwn 1 1 1 1 ww 1 wAwUoMw I wMO 1 UM 1 wr\ 


5601 


TGATGACTGACTCCGTGAGGAAAATGTTCACGGACTGCTCGAGCT 
TAACCACCCAGCTCTACTCGGCGGTGACCAGTGGCTCGTCAGGA 
GGAGCCGTCTCCCTGAAGGGGAAGGACTCCTC 


5602 


CCGCCGAGTAGAGCTGG 


5603 


CCAGCTCTACTCGGCGG 


5604 
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White leaves 
Immutans 

On /to c of 

U/yZa oallva 

Trp37Term 
TGG-TGA 


CTTCCCCTTCAGGGAGACGGCTCCTCCTGACGAGCCACTGGTCAC 
CGCCGAGGAGAGCTGAGTGGTTAAGCTCGAGCAGTCCGTGAACA 

1 1 1 1 1 \jn\j\J\OfV3 1 \jfVJ 1 OA 1 OAOUrt 1 n\y 1 1 


5605 


AAGTATCGTGATGACTGACTCCGTGAGGAAAATGTTCACGGACTG 

CTCGAGCTTAACCACICAGCTCTCCTCGGCGGTGACCAGTGGCTC 

GTrAGGAGGAGrrGTrrrrrTGAAGGGGAAG 


5606 


GAGAGCTGAGTGGTTAA 


5607 


TTAACCACTCAGCTCTC 


5608 


White leaves 
Immutans 

1 ilUltUill QUollvUflf 

Trp22Term 
TGG-TGA 


TCCGGAGGAGGAAGGGGGATTCGACGAGGAGCTCACCCTCGCCG 

GCGAGGACGGCGACTGAGTCGTCAGATTCGAGCAGTCCTTCAAC 

GTATTPrTPAPGGATArTGTrATrTTTATAf!Tf! 


5609 


GAGTATAAAGATGACAGTATCCGTGAGGAATACGTTGAAGGACTG 
CTCGAATCTGACGACICAGTCGCCGTCCTCGCCGGCGAGGGTGA 
GrTGnTCGTCGAATCCCCCTTCCTCCTCCGGA 

Vjw i ww I ww I vUnn I wwwww I i ww I ww i wwww/x 


5610 


GGCGACTGAGTCGTCAG 


5611 


CTGACGACTCAGTCGCC 


5612 


White leaves 
Immutans 

/ nUCUm dBSuVUm 

Arg25Term 
AGA-TGA 


GAGGAAGGGGGATTCGACGAGGAGCTCACCCTCGCCGGCGAGG 
ACGGCGACTGGGTCGTCIGATTCGAGCAGTCCTTCAACGTATTCC 

T^ > A^ , P^'ATA^T(^T^'AT^'TTTATAPT^^3ATATT^ , 
1 \j AOvaoA 1 AO 1 o 1 On 1 0 1 1 1 Ml AO 1 OuA 1 A 1 1 0 


5613 


GAATATCGAGTATAAAGATGACAGTATCCGTGAGGAATACGTTGAA 
GGACTGCTCGAATCAGACGACCCAGTCGCCGTCCTCGCCGGCGA 
GGGTGAGrTrr'TPGTrGAATrrrrrTTrrTr 


5614 


GGGTCGTCIGATTCGAG 


5615 


CTCGAATCAGACGACCC 


5616 


White leaves 
Immutans 

1 nULUul avSuVUul 

Glu27Term 
GAG-TAG 


GGGGGATTCGACGAGGAGCTCACCCTCGCCGGCGAGGACGGCG 
ACTGGGTCGTCAGATTCIAGCAGTCCTTCAACGTATTCCTCACGGA 

TAPTfSTPATPTTTATAPTrGATATTfTGTATP 
1 AO 1 V3 1 OA 1 0 1 1 1 M 1 AO 1 v«On 1 M 1 1 O 1 0 1 M 1 O 


5617 


GATACAGAATATCGAGTATAAAGATGACAGTATCCGTGAGGAATAC 
GTTGAAGGACTGCTAGAATCTGACGACCCAGTCGCCGTCCTCGCC 

GGrGAGGGTGAGPTrrTPGTrGAATrrrrP 


5618 


TCAGATTCTAGCAGTCC 


5619 


GGACTGCTAGAATCTGA 


5620 


White leaves 
Immutans 
Triticum aestivum 
Gln28Term 
CAG-TAG 


GGATTCGACGAGGAGCTCACCCTCGCCGGCGAGGACGGCGACTG 
GGTCGTCAGATTCGAGTAGTCCTTCAACGTATTCCTCACGGATACT 

r*Tf* ATV^TTTAT A^T^^ AT ATTPTY^T ATPPTP 

uloAIOI 1 1 Al AOI Ow\l Al lOlolAIOblo 


5621 


CACGATACAGAATATCGAGTATAAAGATGACAGTATCCGTGAGGAA 
TACGTTGAAGGACTACTCGAATCTGACGACCCAGTCGCCGTCCTC 
GCCGGCGAGGGTGAGCTCCTCGTCGAATCC 


5622 


GATTCGAGIAGTCCTTC 


5623 


GAAGGACTACTCGAATC 


5624 



WO 01/92512 



-120- 



PCTYUS01/17672 



White leaves 
Immutans 

1 IIIILUIII auoUVUIH 


CGAGCAGTCCTTCAACGTATTCCTCACGGATACTGTCATCTTTATA 
CTCGATATTCTGTAGCGTGACCGCGACTACGCAAGGTTCTTCGTG 
rTrftAftArnATrfirrAfiftftTfiprrTATTrr 

\j 1 uUnunwurt 1 OUUunUOO 1 V3v/v/s/ Inl 1 1 v 


5625 


Tyr46Term 
TAT-TAG 


GAAATAGGGCACCCTGGCGATGGTCTCGAGCACGAAGMCCTTG 
CGTAGTCGCGGTCACGCTACAGAATATCGAGTATAAAGATGACAG 
TATCCGTGAGGAATACGTTGAAGGACTGCTCG 


5626 




ATTCTGTAGCGTGACCG 


5627 




CGGTCACGCTACAGAAT 


5628 
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Example 9 
Altering amino acid content of plants 

Another aim of biotechnology is to generate plants, especially crop plants, with added value 
traits. An example of such a trait is improved nutritional quality in food crops. For example, lysine, 
tryptophan and threonine, which are essential amino acids in the diet of humans and many animals, are 
limiting nutrients in most cereal crops. Consequently, grain-based diets, such as those based on corn, 
barley, wheat rice, maize, millet, sorghum, and the like, must be supplemented with more expensive 
synthetic amino acids or amino-acid-containing oilseed protein meals. Increasing the lysine content of these 
grains or of any of the feed component crops would result in significant added value. 

Naturally occurring mutants of plants that have different levels of particular essential amino 
acids have been identified. However, these mutants are generally not the result of increased free amino 
acid, but are instead the result of shifts in the overall protein profile of the grain. For example, in maize, 
reduced levels of lysine-deficient endosperm proteins (prolamines) are complemented by elevated levels of 
more lysine-rich proteins (albumins, globulins and glutelins). While nutritionally superior, these mutants are 
associated with reduced yields and poor grain quality, limiting their agronomic usefulness. 

An alternative approach is to generate plants with mutations that render key amino acid 
biosynthetic enzymes insensitive to feedback inhibition. Many such mutations are known and mutation 
results in increased free amino acid. The increased production can optionally be coupled to increased 
expression of an abundant storage protein comprising the chosen amino acid. Alternatively, a normally 
abundant protein can be engineered to contain more of the target amino acid. 

The attached table discloses exemplary oligonucleotide base sequences which can be 
used to generate site-specific mutations that remove feedback inhibition in plant amino acid biosynthetic 
enzymes. 
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Table 19 

Genome-Altering Oliqos Conferring Amino Acid Overoroduction 



10 



15 



20 



25 



i JBhenotype, Gene,!; 

illiiliieiiii 

Alteration 


yiiiiiiiiliiiiiiiiliiiiiiiiiii 


t|-iAltertngOiigi--I : 


mmmmmmm 


wmmmmm. 
Wmmmwm. 

. ; 

I 


SEQIP; 

: -'? : wrv : »• 
,„.;',„.,*:.,;„..... 


Met Overproduction 
CGS 

Arabidopsis thaliana 

Arg77His 

CGT-CAT 


TATCCTCCAGGATCTTAAGATTTCCTCCTAATTTCGTCCGTCAGCT 
GAGCATTAAAGCCCATAGAAACTGTAGCAACATCGGTGTTGCACA 
GATCGTGGCGGCTAAGTGGTCCAACAACCC 


5629 


GGGTTGTTGGACCACTTAGCCGCCACGATCTGTGCAACACCGAT 
GTTGCTACAGTTTCTATGGGCTTTAATGCTCAGCTGACGGACGAA 
ATTAGGAGGAAATCTTAAGATCCTGGAGGATA 


5630 


TAAAGCCCATAGAAACT 


5631 


AGTTTCTATGGGCT1 


rrA 






5632 


Met Overproduction 
CGS 

Arabidopsis thaliana 

Ser81Asn 

AGC-AAC 


TCTTAAGATTTCCTCCTAATTTCGTCCGTCAGCTGAGCATTAAAGC 

CCGTAGAAACTGTAACAACATCGGTGTTGCACAGATCGTGGCGG 

CTAAGTGGTCCAACAACCCATCCTCCGCGTT 


5633 


AACGCGGAGGATGGGTTGTTGGACCACTTAGCCGCCACGATCTG 

TGCMCACCGATGTTGTTACAGTTTCTACGGGCTTTAATGCTCAGC 

TGACGGACGAAATTAGGAGGAAATCTTAAGA 


5634 


AAACTGTAACAACATCG 


5635 


CGATGTTGTTACAGTTT 


5636 


Met Overproduction 
CGS 

Arabidopsis thaliana 

Gly84Ser 

GGT-AGT 


TTTCCTCCTAATTTCGTCCGTCAGCTGAGCATTAAAGCCCGTAGAA 
ACTGTAGCAACATCAGTGTTGCACAGATCGTGGCGGCTAAGTGGT 
CCAACAACCCATCCTCCGCGTTACCTTCGG 


5637 


CCGAAGGTAACGCGGAGGATGGGTTGTTGGACCACTTAGCCGCC 
ACGATCTGTGCMCACIGATGTTGCTACAGTTTCTACGGGCTTTAA 
TGCTCAGCTGACGGACGAAATTAGGAGGAAA 


5638 


GCAACATCAGTGTTGCA 


5639 


TGCAACACIGATGTTGC 


5640 


Met Overproduction 
CGS 

Arabidopsis thaliana 

Gly84Asp 

GGT-GAT 


TTCCTCCTAATTTCGTCCGTCAGCTGAGCATTAAAGCCCGTAGAAA 
CTGTAGCAACATCGATGTTGCACAGATCGTGGCGGCTAAGTGGTC 
CAACAACCCATCCTCCGCGTTACCTTCGGC 


5641 


GCCGAAGGTAACGCGGAGGATGGGTTGTTGGACCACTTAGCCGC 
CACGATCTGTGCAACATCGATGTTGCTACAGTTTCTACGGGCTTTA 
ATGCTCAGCTGACGGACGAAATTAGGAGGAA 


5642 


CAACATCGATGTTGCAC 


5643 


GTGCAACATCGATGTTG 


5644 
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Alteration 
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SEQID 


Met Overproduction 
CGS 

Fragraria vesca 


TATCGTCACTCATCCTCCGCTTCCCTCCCAACTTCGTCCGCCAGC 
TCAGCACCAAGGCCCACCGCAACTGCAGCAACATCGGCGTCGCG 
CAGATCGTCGCGGCTTCGTGGTCCAACAAAGA 


5645 


Arg73His 
CGC-CAC 


TCTTTGTTGGACCACGAAGCCGCGACGATCTGCGCGACGCCGAT 

GTTGCTGCAGTTGCGGTGGGCCTTGGTGCTGAGCTGGCGGACGA 

AGTTGGGAGGGAAGCGGAGGATGAGTGACGATA 


5646 




CAAGGCCCACCGCAACT 


5647 




AGTTGCGGTGGGCCTTG 


5648 


Met Overproduction 
CGS 

Fragraria vesca 


TCCTCCGCTTCCCTCCCAACTTCGTCCGCCAGCTCAGCACCAAG 

GCCCGCCGCAACTGCAACAACATCGGCGTCGCGCAGATCGTCGC 

GGCTTCGTGGTCCAACAAAGACTCCGACCTTTC 


5649 


Ser77Asn 
AGC-AAC 


GAAAGGTCGGAGTCTTTGTTGGACCACGAAGCCGCGACGATCTG 

CGCGACGCCGATGTTGTTGCAGTTGCGGCGGGCCTTGGTGCTGA 

GCTGGCGGACGAAGTTGGGAGGGAAGCGGAGGA 


5650 




CAACTGCAACAACATCG 


5651 




CGATGTTGTTGCAGTTG 


5652 


Met Overproduction 
CGS 

Fragraria vesca 


TTCCCTCCCAACnCGTCCGCCAGCTCAGCACCAAGGCCCGCCG 
CAACTGCAGCAACATCAGCGTCGCGCAGATCGTCGCGGCTTCGT 
GGTCCAACAAAGACTCCGACCTTTCGGCGGTGC 


5653 


Gly80Ser 
GGC-AGC 


GCACCGCCGAMGGTCGGAGTCTTTGTTGGACCACGAAGCCGCG 
ACGATCTGCGCGACGCIGATGTTGCTGCAGTTGCGGCGGGCCTT 
GGTGCTGAGCTGGCGGACGAAGTTGGGAGGGAA 


5654 




GCAACATCAGCGTCGCG 


5655 




CGCGACGCIGATGTTGC 


5656 


Met Overproduction 
CGS 

Fragraria vesca 


TCCCTCCCAACTTCGTCCGCCAGCTCAGCACCAAGGCCCGCCGC 
AACTGCAGCAACATCGACGTCGCGCAGATCGTCGCGGCTTCGTG 
GTCCAACAAAGACTCCGACCTTTCGGCGGTGCC 


5657 


Gly80Asp 
GGC-GAC 


GGCACCGCCGAMGGTCGGAGTCTTTGTTGGACCACGAAGCCGC 
GACGATCTGCGCGACGTCGATGTTGCTGCAGTTGCGGCGGGCCT 
TGGTGCTGAGCTGGCGGACGAAGTTGGGAGGGA 


5658 




CAACATCGACGTCGCGC 


5659 




GCGCGACGICGATGTTG 


5660 


Met Overproduction 
CGS 

Glycine max 


tCTCCtCCCTCATCCTCCGCnCCCTCCCAACTTCCAGCGCCAGC 
TAAGCACCAAGGCGAGCCGCAACTGCAGCAACATCGGCGTCGCG 
CAAATCGTCGCCGCTTCGTGGTCGAACAACAG 


5661 


Arg68His 
CGC-CAC 


CTGTTGTTCGACCACGAAGCGGCGACGATTTGCGCGACGCCGAT 
GTTGCTGCAGTTGCGGCTCGCCTTGGTGCTTAGCTGGCGCTGGA 
AGTTGGGAGGGAAGCGGAGGATGAGGGAGGAGA 


5662 




CCAAGGCGAGCCGCAAC 


5663 
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Plant & Targeted 
Alteration 


: ' • ■ ■ ■ ■ ■ - — ; 


mm 

NO; 







GTTGCGGCTCGCCTTGG 


5664 


Met Overproduction 
CGS 

Giyc/ne max 


TCCTCCGCTTCCCTCCCAACTTCCAGCGCCAGCTAAGCACCAAG 

GCGCGCCGCAACTGCAACAACATCGGCGTCGCGCAAATCGTCGC 

CGCTTCGTGGTCGAACAACAGCGACAACTCTCC 


5665 


Ser72Asn 
AGC-AAC 


GGAGAGTTGTCGCTGTTGTTCGACCACGAAGCGGCGACGATTTG 
CGCGACGCCGATGTTGirGCAGTTGCGGCGCGCCTTGGTGCTTA 
GCTGGCGCTGGAAGTTGGGAGGGAAGCGGAGGA 


5666 




CAACTGCAACAACATCG 


5667 




CGATGTTG3TGCAGTTG 


5668 


Met Overproduction 
CGS 

G//c/ne max 


TTCCCTCCCAACTTCCAGCGCCAGCTAAGCACCAAGGCGCGCCG 
CAACTGCAGCAACATCAGCGTCGCGCAAATCGTCGCCGCTTCGT 
GGTCGAACAACAGCGACAACTCTCCGGCCGCCG 


5669 


Gly75Ser 
GGC-AGC 


CGGCGGCCGGAGAGTTGTCGCTGTTGTTCGACCACGAAGCGGC 

GACGATTTGCGCGACGCTGATGTTGCTGCAGTTGCGGCGCGCCT 

TGGTGCTTAGCTGGCGCTGGAAGTTGGGAGGGAA 


5670 




GCAACATCAGCGTCGCG 


5671 




CGCGACGCIGATGTTGC 


5672 


Met Overoroduction 
CGS 

Glycine max 


TCCCTCCCAACTTCCAGCGCCAGCTAAGCACCAAGGCGCGCCGC 
AACTGCAGCAACATCGACGTCGCGCAAATCGTCGCCGCTTCGTG 
GTCGAACAACAGCGACAACTCTCCGGCCGCCGG 


5673 


Gly75Asp 
GGC-GAC 


CCGGCGGCCGGAGAGTTGTCGCTGTTGTTCGACCACGAAGCGGC 
GACGATTTGCGCGACGTCGATGTTGCTGCAGTTGCGGCGCGCCT 
TGGTGCTTAGCTGGCGCTGGAAGTTGGGAGGGA 


5674 




CAACATCGACGTCGCGC 


5675 




GCGCGACGTCGATGTTG 


5676 


Met OverDroduction 
CGS 

Solanum tuberosum 


TGTCTTCTCTGAI 1 1 ICAGGI 1 ICCTCCIAAI 1 1 CG 1 GAGGCAUC 1 

.AAGCATTAAGGCTCACAGGAATTGCAGCAATATTGGCGTGGCTCA 

AGTTGTGGCGGCTTCCTGGTCTAACAACCA 


5677 


Arg70His 
AGG-CAC 


TGGTTGTTAGACCAGGAAGCCGCCACAACTTGAGCCACGCCAATA 
TTGCTGCAATTCCTGTGAGCCTTAATGCTTAGCTGCCTCACGAAAT 
TAGGAGGAAACCTGAAAATCAGAGAAGACA , 


5678 




TAAGGCTCACAGGAATT 


5679 




AATTCCTGTGAGCCTTA 


5680 


Met Overproduction 
CGS 

Solanum tuberosum 


1 1 1 ICAGGI 1 1 CCTCCTAATTTCGTGAGGCAGCTAAGCATTAAGGC 

TAGGAGGAATTGCAACAATATTGGCGTGGCTCAAGTTGTGGCGG 

CTTCCTGGTCTAACAACCAAGCCGGTCCTGA 


5681 


Ser74Asn 
AGC-AAC 


TCAGGACCGGCTTGGTTGTTAGACCAGGAAGCCGCCACAACTTG 

AGCCACGCCAATATTGTTGCAATTCCTCCTAGCCTTAATGCTTAGC 

TGCCTCACGAAATTAGGAGGAAACCTGAAAA 


5682 
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GAATTGCAACAATATTG 


5683 


CAATATTGTTGCAATTC 


5684 


Met Overproduction 
CGS 

Solanum tuberosum 

Gly77Ser 

GGC-AGC 


TTTCCTCCTAATTTCGTGAGGCAGCTAAGCATTAAGGCTAGGAGG 

AATTGCAGCAATATTAGCGTGGCTCAAGTTGTGGCGGCTTCCTGG 

TCTAACAACCAAGCCGGTCCTGAATTCACTC 


5685 


GAGTGAATTCAGGACCGGCTTGGTTGTTAGACCAGGAAGCCGCC 

ACAACTTGAGCCACGCTAATATTGCTGCAATTCCTCCTAGCCTTAA 

TGCTTAGCTGCCTCACGAAATTAGGAGGAAA 


5686 


GCAATATTAGCGTGGCT 


5687 


AGCCACGCIAATATTGC 


5688 


Met Overproduction 
CGS 

Solanum tuberosum 

Gly77Asp 

GGC-GAC 


TTCCTCCTAATTTCGTGAGGCAGCTAAGCATTAAGGCTAGGAGGA 
ATTGCAGCAATATTGACGTGGCTCAAGTTGTGGCGGCTTCCTGGT 
CTAACAACCAAGCCGGTCCTGAATTCACTCC 


5689 


GGAGTGAATTCAGGACCGGCTTGGTTGTTAGACCAGGAAGCCGC 

CACAACTTGAGCCACGTCAATATTGCTGCAATTCCTCCTAGCCTTA 

ATGCTTAGCTGCCTCACGAAATTAGGAGGAA 


5690 


CAATATTGACGTGGCTC 


5691 


GAGCCACGTCAATATTG 


5692 


Met Overproduction 
CGS 

Mesembryanthemum 
crystallinum 
Arg73His 
CGC-CAC 


CTTCCTCTCTTATCCTTCGCTTTCCTCCCAACTTTGTCCGTCAGCT 
CAGCACCAAGGCTCGCCACAACTGCAGCAACATTGGTGTCGCAC 
AGGTCGTCGCTGCCTCCTGGTCCAACAACTC 


5693 


GAGTTGTTGGACCAGGAGGCAGCGACGACCTGTGCGACACCAAT 
GTTGCTGCAGTTGTGGCGAGCCTTGGTGCTGAGCTGACGGACAA 
AGTTGGGAGGAAAGCGAAGGATAAGAGAGGAAG 


5694 


GGCTCGCCACAACTGCA 


5695 


TGCAGTTGIGGCGAGCC 


5696 


Met Overproduction 
CGS 

Mesembryanthemum 
crystallinum 
Ser77Asn 
AGC-AAC 


TCCTTCGCTTTCCTCCCAACTTTGTCCGTCAGCTCAGCACCAAGG 
CTCGCCGCAACTGCAACAACATTGGTGTCGCACAGGTCGTCGCT 
GCCTCCTGGTCCAACAACTCCGATGCCGGCGC 


5697 


GCGCCGGCATCGGAGTTGTTGGACCAGGAGGCAGCGACGACCT 
GTGCGACACCAATGTTGTTGCAGTTGCGGCGAGCCTTGGTGCTG 
AGCTGACGGACAAAGTTGGGAGGAAAGCGAAGGA 


5698 


CAACTGCAACAACATTG 


5699 


CAATGTTGTTGCAGTTG 


5700 
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1 Alteration 




SBQID 

MO; 
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Met Overproduction 
CGS 

Mesembryanthemum 


TTTCCTCCCAACTTTGTCCGTCAGCTCAGCACCAAGGCTCGCCGC 

AACTGCAGCAACATTAGTGTCGCACAGGTCGTCGCTGCCTCCTG 

GTCCAACAACTCCGATGCCGGCGCCACCTCTT 


5701 


crystallinum 

Gly80Ser 

GGT-AGT 


AAGAGGTGGCGCCGGCATCGGAGTTGTTGGACCAGGAGGCAGC 
GACGACCTGTGCGACACTAATGTTGCTGCAGTTGCGGCGAGCCT 
TGGTGCTGAGCTGACGGACAAAGTTGGGAGGAAA 


5702 




GCAACATTAGTGTCGCA 


5703 




TGCGACACIAATGTTGC 


5704 


Met Overproduction 
CGS 

Mesembryanthemum 


TTCCTCCCAACTTTGTCCGTCAGCTCAGCACCAAGGCTCGCCGCA 

ACTGCAGCAACATTGATGTCGCACAGGTCGTCGCTGCCTCCTGG 

TCCAACAACTCCGATGCCGGCGCCACCTCTTG 


5705 


crystallinum 

Gly80Asp 

GGT-GAT 


CAAGAGGTGGCGCCGGCATCGGAGTTGTTGGACCAGGAGGCAG 
CGACGACCTGTGCGACATCAATGTTGCTGCAGTTGCGGCGAGCC 
TTGGTGCTGAGCTGACGGACAAAGTTGGGAGGAA 


5706 




CAACATTGATGTCGCAC 


5707 




GTGCGACAICAATGTTG 


5708 


Met Overproduction 
CGS 

lea mays 


CCTCTGCTACCATCCTCCGCTTTCCGCCAAACI I IGlCCGCCAGC 
TTAGCACCAAGGCACACCGCAACTGCAGCAACATCGGCGTCGCG 
CAGATCGTCGCCGCCGCGTGGTCCGACTGCCC 


5709 


Arg41His 
CGC-CAC 


GGGCAGTCGGACCACGCGGCGGCGACGATCTGCGCGACGCCGA 

TGTTGCTGCAGTTGCGGTGTGCCTTGGTGCTAAGCTGGCGGACA 

AAGTTTGGCGGAAAGCGGAGGATGGTAGCAGAGG 


5710 




CAAGGCACACCGCAACT 


5711 




AGTTGCGGTGTGCCTTG 


5712 


Met Overproduction 
CGS 

lea mays 


TCCTCCGCTTTCCGCCAAACTTTGTCCGCCAGCTTAGCACCAAGG 
CACGCCGCAACTGCAACAACATCGGCGTCGCGCAGATCGTCGCC 
GCCGCGTGGTCCGACTGCCCCGCCGCTCGCCC 


5713 


Ser45Asn 
AGC-AAC 


GGGCGAGCGGCGGGGCAGTCGGACCACGCGGCGGCGACGATC 
TGCGCGACGCCGATGTTGTTGCAGTTGCGGCGTGCCTTGGTGCT 
AAGCTGGCGGACAAAGTTTGGCGGAAAGCGGAGGA 


5714 




CAACTGCAACAACATCG 


5715 




CGATGTTGJTGCAGTTG 


5716 


Met Overproduction 
CGS 

lea mays 


TTTCCGCCAAACTTTGTCCGCCAGCTTAGCACCAAGGCACGCCGC 
AACTGCAGCAACATCAGCGTCGCGCAGATCGTCGCCGCCGCGTG 
GTCCGACTGCCCCGCCGCTCGCCCCCACTTAG 


5717 


Gly48Ser 
GGC-AGC 


CTAAGTGGGGGCGAGCGGCGGGGCAGTCGGACCACGCGGCGG. 
CGACGATCTGCGCGACGCTGATGTTGCTGCAGTTGCGGCGTGCC 
TTGGTGCTAAGCTGGCGGACAAAGTTTGGCGGAAA 


5718 




GCAACATCAGCGTCGCG 


5719 
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CGCGACGCTGATGTTGC 


5720 


Met Overproduction 
CGS 

lea mays 


TTCCGCCAAACTTTGTCCGCCAGCTTAGCACCAAGGCACGCCGC 

AACTGCAGCAACATCGACGTCGCGCAGATCGTCGCCGCCGCGTG 

GTCCGACTGCCCCGCCGCTCGCCCCCACTTAGG 


5721 


Gly48Asp 
GGC-GAC 


CCTAAGTGGGGGCGAGCGGCGGGGCAGTCGGACCACGCGGCG 

GCGACGATCTGCGCGACGTCGATGTTGCTGCAGTTGCGGCGTGC 

CTTGGTGCTAAGCTGGCGGACAMGTTTGGCGGAA 


5722 




CAACATCGACGTCGCGC 


5723 




GCGCGACGTCGATGTTG 


5724 


Met Overproduction 
TS 


GTATGAATGATCTGTGGGTGAAACACTGTGGGATTAGTCATACAG 
GAAGTTTCAAGGATCGTGGAATGACTG 1 1 1 1 GGTTAGTCAAGTTAA 


5725 


Arabidopsis thaliana 


TCGTCTGAGAAAGATGAAACGACCTGTGGT 




Leu205Arg 
CTT-CGT 


ACCACAGGTCGTTTCATCTTTCTCAGACGATTAACTTGACTAACCA 

AAA AX A A"X™f» AX A AX AX A AX AX A ^ A A AAA ^T'T* /\ A "T" A A A AN ^N. AN 

AAACAGTCATTCCACGATCCTTGAAACTTCCTGTATGACTAATCCC 

A AX A A*f»T*^*/\ A A% A AX A AX A A •t™f"*\ A A AX 

ACAGTGTTTCACCCACAGATCATTCATAC 


5726 




CAAGGATCGTGGAATGA 


5727 




TCATTCCACGATCCTTG 


5728 


Met Overproduction 
TS 


GCATGACTGATTTGTGGGTCAAACACTGTGGGATTAGCCATACTG 
GTAGTTTTMGGATCGTGGGATGACTGTTTTGGTGAGTCAAGTTAA 


5729 


Solarium tuberosum 


T'/'N^/^ i | A A A AT^\/\ATA A A ^f\/>^>1"r^VT 

TCGCTTGCGGAAAATGCATAAACCGGTTGT 




Leu198Arg 
CTT-CGT 


ACMCCGGTTTATGCATTTTCCGCAAGCGATTAACTTGACTCACCA 

AAA /\ A Aw AX A AX AX AX A AX AX A *V* AX A A A A AX*V* A AX AX A AX^^ A A^ AX A\«^ A A AX AX AX 

AAACAGTCATCCCACGATCCTTAAAACTACCAGTATGGCTAATCCC 
ACAGTGTTTGACCCACAAATCAGTCATGC 


5730 




TAAGGATCGTGGGATGA 


5731 




TCATCCCACGATCCTTA 


5732 


Lys Overproduction 
DHPS 


TCATTGGGCACACAGTGAACTGCTTTGGCTCTAGAATCAAAGTGA 
TAGGCAACACAGGAAACAACTCAACCAGAGAAGCCGTCCACGCA 


5733 


lea mays 


ACAGAACAGGGATTTGCTGTTGGCATGCATGC 




Ser157Asn 
AGC-AAC 


GCATGCATGCCAACAGCAAATCCCTGTTCTGTTGCGTGGACGGCT 

TCTCTGGTTGAGTTGTJTCCTGTGTTGCCTATCACTTTGATTCTAG 

AGCCAAAGCAGTTCACTGTGTGCCCAATGA 


5734 




CACAGGAAACAACTCAA 


5735 




TTGAGTTGJTTCCTGTG 


5736 


Lys Overproduction 

DHPS 

lea mays 


GCTCTAGAATCAAAGTGATAGGCAACACAGGAAGCAACTCAACCA 
GAGAAGCCGTCCACGAAACAGAACAGGGATTTGCTGTTGGCATG 
CATGCGGCTCTCCACATCAATCCTTACTACGG 


5737 


Ala166Val 
GCA-GAA 


CCGTAGTAAGGATTGATGTGGAGAGCCGCATGCATGCCAACAGC 

AAATCCCTGTTCTGTTTCGTGGACGGCTTCTCTGGTTGAGTTGCTT 

CCTGTGTTGCCTATCACTTTGATTCTAGAGC 


5738 
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CGTCCACGAAACAGAAC 


5739 




GTTCTGTTTCGTGGACG 


5740 


Lys Overproduction 

DHPS 

lea mays 


GGCTCTAGAATCAAAGTGATAGGCAACACAGGAAGCAACTCAACC 

AGAGAAGCCGTCCACACAACAGAACAGGGATTTGCTGTTGGCAT 

GCATGCGGCTCTCCACATCAATCCTTACTACG 


5741 


Ala166Thr 
GCA-ACA 


CGTAGTAAGGATTGATGTGGAGAGCCGCATGCATGCCAACAGCAA 

ATCCCTGTTCTGTTGTGTGGACGGCTTCTCTGGTTGAGTTGCTTC 

CTGTGTTGCCTATCACTTTGATTCTAGAGCC 


5742 




CCGTCCACACAACAGAA 


5743 




TTCTGTTGIGTGGACGG 


5744 


Lys Overproduction 
DHPS 

Oryzasativa 


TTATTGGGCATACAGTTAACTGCTTTGGCACTAAAATTAMGTGGT 

CGGCAACACAGGAAATAACTCAACAAGGGAGGCTATTCACGCAAC 

TGAGCAGGGATTCGCTGTAGGTATGCACGC 


5745 


Ser124Asn 
AGT-AAT 


GCGTGCATACCTACAGCGAATCCCTGCTCAGTTGCGTGAATAGCC 
TCCCTTGnGAGTTATTTCCTGTGTTGCCGACCACTTTAATnTAGT 
GCCAAAGCAGTTAACTGTATGCCCAATAA 


5746 




CACAGGAAATAACTCAA 


5747 




TTGAGTTATTTCCTGTG 


5748 


Lys Overproduction 
DHPS 

Oryza sativa 


GCACTAAAATTAAAGTGGTCGGCAACACAGGAAGTAACTCAACAA 
GGGAGGCTATTCACGTAACTGAGCAGGGATTCGCTGTAGGTATG 
CACGCGGCTCTCCACATCAATCCTTACTACGG 


5749 


Ala133Val 
GCA-GTA 


CCGTAGTAAGGATTGATGTGGAGAGCCGCGTGCATACCTACAGC 

GAATCCCTGCTCAGTTACGTGAATAGCCTCCCTTGTTGAGTTACTT 

CCTGTGTTGCCGACCACTTTAATTTTAGTGC 


5750 




TATTCACGIAACTGAGC 


5751 




GCTCAGTTACGTGMTA 


5752 


Lys Overproduction 
DHPS 

Ofyza sativa 


GGCACTAAAATTAAAGTGGTCGGCAACACAGGAAGTAACTCAACA 

AGGGAGGCTATTCACACAACTGAGCAGGGATTCGCTGTAGGTAT 

GCACGCGGCTCTCCACATCAATCCTTACTACG 


5753 


Ala133Thr 

A OA 

GCA-ACA 


CGTAGTAAGGATTGATGTGGAGAGCCGCGTGCATACCTACAGCG 

AATCCCTGCTCAGTTGTGTGAATAGCCTCCCTTGTTGAG7TAC1TC 

CTGTGTTGCCGACCACTTTAATTTTAGTGCC 


5754 




CTATTCACACMCTGAG 


5755 




CTCAGTTGIGTGAATAG 


5756 ! 


Lys Overproduction 
DHPS 1 


TCATCGGGCATACTGTTAACTGC1TIGGAGCCAACATTAAAGTGAT 

AGGCAACACGGGAAATAACTCAACCAGAGAAGCTGTTCACGCGA 

CAGAGCAGGGATTTGCTGTTGGCATGCATGC 


5757 


Triticum aestiviim 





Ser165Asn 
AGT-AAT 
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GCATGCATGCCAACAGCAAATCCCTGCTCTGTCGCGTGAACAGCT 

TCTCTGGTTGAGnATTTCCCGTGTTGCCTATCACTTTAATGTTGG 

CTCCAMGCAGTTMCAGTATGCCCGATGA 


5758 




CACGGGAAATAACTCAA 


5759 




TTGAGTTAJTTCCCGTG 


5760 


Lys Overproduction 
DHPS1 

Triticum aestivum 


GAGCCAACATTAAAGTGATAGGCAACACGGGAAGTAACTCAACCA 

GAGAAGCTGTTCACGTGACAGAGCAGGGATTTGCTGTTGGCATG 

CATGCAGCTCTTCATGTCAATCCTTACTACGG 


5761 


Ala174Val 
GCG-GTG 


CCGTAGTAAGGATTGACATGAAGAGCTGCATGCATGCCAACAGCA 

AATCCCTGCTCTGTCACGTGAACAGCTTCTCTGGTTGAGTTACTT 

CCCGTGTTGCCTATCACTTTAATGTTGGCTC 


5762 




TGTTCACGIGACAGAGC 


5763 




GCTCTGTCACGTGAACA 


5764 


Lys Overproduction 
DHPS1 

Triticum aestivum 


GGAGCCAACATTAAAGTGATAGGCAACACGGGAAGTAACTCAACC 

AGAGAAGCTGTTCACACGACAGAGCAGGGATTTGCTGTTGGCAT 

GCATGCAGCTCTTCATGTCAATCCTTACTACG 


5765 


Ala174Thr 
GCG-ACG 


CGTAGTAAGGATTGACATGAAGAGCTGCATGCATGCCAACAGCAA 

ATCCCTGCTCTGTCGIGTGAACAGCTTCTCTGGTTGAGTTACTTC 

CCGTGTTGCCTATCACTTTAATGTTGGCTCC 


5766 




CTGTTCACACGACAGAG 


5767 




CTCTGTCGIGTGAACAG 


5768 


Lys Overproduction 
DHPS2 

Triticum aestivum 


TCATCGGGCACACTGTTAACTGCTTTGGAACTAACATTAAAGTGAT 
AGGCAACACGGGAAATAACTCAACTAGAGAAGCGATTCACGCTTC 
AGAGCAGGGATTTGCTGTTGGCATGCATGC 


5769 


Ser154Asn 
AGT-MT 


GCATGCATGCCAACAGCAAATCCCTGCTCTGAAGCGTGAATCGCT 
TCTCTAGTTGAGTTATTTCCCGTGTTGCCTATCACTTTAATGTTAGT 
TCCAAAGCAGTTAACAGTGTGCCCGATGA 


5770 




CACGGGAAATAACTCAA 


5771 




TTGAGTTATTTCCCGTG 


5772 


Lys Overproduction 
DHPS2 

Triticum aestivum 


GAACTAACATTAAAGTGATAGGCAACACGGGAAGTAACTCAACTA 

GAGAAGCGATTCACGTTTCAGAGCAGGGATTTGCTGTTGGCATGC 

ATGCAGCTCTCCATGTCAATCCTTACTATGG 


5773 


Ala163Val 
GCT-GTT 


CCATAGTAAGGATTGACATGGAGAGCTGCATGCATGCCAACAGCA 
MTCCCTGCTCTGAAACGTGAATCGCTTCTCTAGTTGAGTTACTTC 
CCGTGTTGCCTATCACTTtAATGTTAGTTC 


5774 




GATTCACGTTTCAGAGC 


5775 




GCTCTGAAACGTGAATC 


5776 
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Lys Overproduction 
DHPS2 


GGAACTAACATTAAAGTGATAGGCAACACGGGAAGTAACTCAACT 
AGAGAAGCGATTCACACTTCAGAGCAGGGATTTGCTGTTGGCATG 


5777 


Triticum aestivum 


CATGCAGCTCTCCATGTCAATCCTTACTATG 




Ala163Thr 
GCT-ACT 


CATAGTAAGGATTGACATGGAGAGCTGCATGCATGCCAACAGCAA 
ATCCCTGCTCTGAAGTGTGAATCGCTTCTCTAGTTGAGTTACTTCC 
CGTGTTGCCTATCACTTTAATGTTAGTTCC 


5778 




CGATTCACACTTCAGAG 


5779 




CTCTGAAGTGTGAATCG 


5780 


Lys Overproduction 
DHPS 


CTCATTGGGCATACTGTGAACTGCTTTGGCTCTAGAATTAAAGTGA 
TAGGCAACACAGGAAATAACTCAACCAGAGAAGCTGTTCACGCAA 


5781 


Co/x lacryma-jobi 


CAGAGCAGGGATTTGCTGTTGGCATGCATG 




Ser154Asn 
AGT-AAT 


CATGCATGCCAACAGCAMTCCCTGCTCTGTTGCGTGAACAGCTT 
CTCTGGTTGAGTTATTTCCTGTGTTGCCTATCACTTTAATTCTAGA 
GCCAAAGCAGTTCACAGTATGCCCAATGAG 


5782 




CACAGGAAATAACTCAA 


5783 




TTGAGTTATTTCCTGTG 


5784 


Lys Overproduction 
DHPS 

Co/x lacryma-jobi 


GCTCTAGAATTAAAGTGATAGGCAACACAGGAAGTAACTCAACCA 

GAGAAGCTGTTCACGIAACAGAGCAGGGATTTGCTGTTGGCATGC 

ATGCAGCTCTCCACATCAATCCTTACTATGG 


5785 


Ala163Val 
GCA-GTA 


CCATAGTAAGGATTGATGTGGAGAGCTGCATGCATGCCAACAGCA 
AATCCCTGCTCTGTTACGTGAACAGCTTCTCTGGTTGAGTTACTTC 
CTGTGTTGCCTATCACTTTAATTCTAGAGC 


5786 




TGTTCACGIAACAGAGC 


5787 




GCTCTGTTACGTGAACA 


5788 


Lys Overproduction 
DHPS 

Co/x lacryma-jobi 


GGCTCTAGAATTAAAGTGATAGGCAACACAGGAAGTAACTCAACC 

AGAGAAGCTGTTCACACAACAGAGCAGGGATTTGCTGTTGGCATG 

CATGCAGCTCTCCACATCAATCCTTACTATG 


5789 


Ala163Thr 
GCA-ACA 


CATAGTAAGGATTGATGTGGAGAGCTGCATGCATGCCAACAGCM 
ATCCCTGCTCTGTTGTGTGAACAGCTTCTCTGGTTGAGTTACTTCC 
TGTGTTGCCTATCACTTTAATTCTAGAGCC 


5790 




CTGTTCACACAACAGAG 


5791 




CTCTGTTGIGTGAACAG 


5792 


Lys Overproduction 
DHPS 

Nicotiana tabacum 


TCATTGGTCACACAGTCAATTG 1 1 1 1 GGAGGGTCCATCAAAGTCAT 

CGGGAACACTGGAAACAACTCCACAAGGGAAGCAATCCATGCAA 

CTGAACAGGGATTTGCTGTAGGTATGCATGC 


5793 


Ser136Asn 
AGC-AAC 


GCATGCATACCTACAGCAAATCCCTGTTCAGTTGCATGGATTGCTT 

CCCTTGTGGAGTTGTTTCCAGTGTTCCCGATGACTTTGATGGACC 

CTCCAAAACAATTGACTGTGTGACCAATGA 


5794 j 




CACTGGAAACAACTCCA 


5795 j 
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TGGAGTTGJTTCCAGTG 


5796 


Lys Overproduction 
DHPS 

Nicotians tabacum 

Ala145Val 

GCA-GTA 


GAGGGTCCATCAAAGTCATCGGGAACACTGGAAGCAACTCCACAA 
GGGAAGCAATCCATGTAACTGAACAGGGATTTGCTGTAGGTATGC 
ATGCAGCTCTTCACATTAATCCCTACTATGG 


5797 


CCATAGTAGGGATTAATGTGAAGAGCTGCATGCATACCTACAGCA 
AATCCCTGTTCAGTTACATGGATTGCTTCCCTTGTGGAGTTGCTTC 

nn i www i vj i l w/»w i i nun i vjvn i i i i w w w i i w i w vnu i i w w i i w 

CAGTGTTCCCGATGACTTTGATGGACCCTC 


5798 


AATCCATGIAACTGAAC 


5799 


GTTCAGTTACATGGATT 


5800 


Lys Overproduction 
DHPS 

Nicotiana tabacum 

Ala145Thr 

GCA-ACA 


GGAGGGTCCATCAAAGTCATCGGGAACACTGGAAGCAACTCCAC 
AAGGGAAGCAATCCATACAACTGAACAGGGATTTGCTGTAGGTAT 
GCATGCAGCTCTTCACATTAATCCCTACTATG 


5801 


CATAGTAGGGATTAATGTGAAGAGCTGCATGCATACCTACAGCAA 
ATrorTGTTCAGTTGTATGGATTGCTTCCCTTGTGGAGTTGCTTCC 

r\ 1 www 1 w 1 1 w/»w 1 I w ■ # \ l \J\Ji \ I I ww I i www i i w i w wnv i i ww i i ww 

AGTGTTCCCGATGACTTTGATGGACCCTCC 


5802 


CAATCCATACAACTGAA 


5803 


TTCAGTTGTATGGATTG 


5804 


Lys Overproduction 
DHPS 

Arabidopsis thaliana 

Ser142Asn 

AGC-AAC 


TTATAGGCCATACCGTTAAC 1 G 1 1 1 1 GGCGGAAGCATCAAAGTCAT 
TGGAAACACTGGAAACAATTCGACTAGAGAAGCAATCCACGCGAC 

| ww»W»w#iW 1 vw/winwnn 1 I vUnv 1 nvnvrwivvnn i Wwnvvw v/ \\s 

TGAACAAGGATTCGCGGTTGGAATGCATGC 


5805 


GCATGCATTCCAACCGCGAATCCTTGTTCAGTCGCGTGGATTGCT 
TnTCTAGTCGMTTGTTTCCAGTGTTTCCAATGACTTTGATGCTTC 

I w I w I /\w I uunn i i i i i ww#\w i w i i i ww#w» i ^^/»w ■ i • wn i ww i i w 

CGCCAAAACAGTTAACGGTATGGCCTATAA 


5806 


CACTGGAAACAATTCGA 


5807 


TCGAATTGTTTCCAGTG 


5808 


Lys Overproduction 
DHPS 

Arabidopsis thaliana 

Ala151Val 

GCG-GTG 


GCGgaagcATcaaagtcattggaaacactggaagcaattcgacta 

fiAGAAGrAATrrArfiTfiAfiTGAAnAAGGATTCGCGGTTGGAATGC 

OMw/wAOwrVA i wwrtw w 1 wr\w 1 w/vaw/v\ww/* I I uuuuu I I \j\jrv \ I w w 

ATGCTGCTCTTCATATAAACCCTTACTATGG 


5809 


CCATAGTMGGGTTTATATGAAGAGCAGCATGCATTCCAACCGCG 
AATCCTTGTTCAGTCACGTGGATTGCTTCTCtAGTCGAATTGCTTC 
CAGTGTTTCCAATGACTTTGATGCTTCCGC 


5810 


AATCCACGTGACTGAAC 


5811 


GTTCAGTCACGTGGATT 


5812 


Lys Overproduction 
DHPS 

Arabidopsis thaliana 

Ala151Thr 

GCG-ACG 


GGCGGAAGCATCAAAGTCATTGGAAACACTGGAAGCAATTCGACT 
AGAGAAGCAATCCACACGACTGAACAAGGATTCGCGGTTGGAATG 
CATGCTGCTCTTCATATAAACCCTTACTATG 


5813 


CATAGTAAGGGTTTATATGAAGAGCAGCATGCATTCCAACCGCGA 
ATCCTTGTTCAGTCGTGTGGATTGCTTCTCTAGTCGAATTGCTTCC 
AGTGTTTCCAATGACTTTGATGCTTCCGCC 


5814 
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CAATCCACACGACTGAA 


5815 


TTCAGTCGIGTGGATTG 


5816 


Lys Overproduction 
DHPS 

Glycine max 

Ser103Asn 

AGC-AAC 


TTATTGCTCATACAGTCAACTU 1 1 1 1 GG I GGGAAAATTAAGGTTATT 
GGAAATACTGGAAACAACTCCACCAGGGAAGCAATTCATGCCACT 
GAGCAGGGTTTTGCTGTTGGAATGCATGC 


5817 


GCATGCATTCCAACAGCAAAACCCTGCTCAGTGGCATGAATTGCT 
TCCCTGGTGGAGTTGTTTCCAGTATTTCCAATAACCTTAAI 1 1 ICC 
CACCAAAACAGTTGACTGTATGAGCAATAA 


5818 


TACTGGAAACAACTCCA 


5819 


TGGAGTTGTTTCCAGTA 


5820 


Lys Overproduction 
DHPS 

Glycine max 
Ala112Val 
GCC-GTC . 


GTGGGAAAATTAAGGTTATTGGAAATACTGGAAGCAACTCCACCA 
GGGAAGCAATTCATGICACTGAGCAGGGI 1 1 1 GCTGTTGGAATGC 
ATGCTGCCCTTCACATAAACCCTTACTATGG 


5821 


CCATAGTAAGGGTTTATGTGAAGGGCAGCATGCATTCCAACAGCA 
AAACCCTGCTCAGTGACATGAATTGCTTCCCTGGTGGAGTTGCTT 
CCAGTATTTCCAATAACCTTAATTTTCCCAC 


5822 


AATTCATGICACTGAGC 


5823 


GCTCAGTGACATGAATT 


5824 


Lys Overproduction 
DHPS 

Glycine max 

Ala112Thr 

GCC-ACC 


GGTGGGAAAATTMGGTTATTGGAAATACTGGAAGCAACTCCACC 
AGGGMGCMTTCATACCACTGAGCAGGGTTTTGCTGTTGGAATG 

A AT A AT A AAATTA A A AT A A A /> A/NTT A A TO 

CATGCTGCCCTTCACATAAACCCTTACTATG 


5825 


CATAGTAAGGGTTTATGTGAAGGGCAGCATGCATTCCAACAGCAA 
AACCCTGCTCAGTGGTATGAATTGCTTCCCTGGTGGAGTTGCTTC 
CAGTATTTCCAATAACCTTM 1 1 1 ICCCACC 


5826 


CAATTCATACCACTGAG 


5827 


CTCAGTGGTATGAATTG 


5828 


Trp Overproduction 
AS 

Arabidopsis thaliana 

Asp341Asn 

GAC-AAC 


CTTGCAGGAGACATATTTCAGATCGTGCTGAGTCAACGI 1 1 1 GAG 
CGGCGMCATnGCAAACCCCTTTGAAGTTTATAGAGCACTAAGA 
GTTGTGAATCCAAGTCCGTATATGGGTTATT 


5829 


AATAACCCATATACGGACTTGGATTCACAACTCTTAGTGCTCTATA 
AACTTCAAAGGGGTTrGCAAATGTTCGCCGCTCAAAACGTTGACT 
CAGCACGATCTGAAATATGTCTCCTGCAAG 


5830 


CATTTGCAAACCCCTTT 


5831 


AAAGGGGTTTGCAAATG 


5832 


Trp Overproduction 
AS 

Nicotiana tabacum 


GCTGCAGGAGACA 1 A 1 1 ICAAAICGI 1 1 IAAGTCAACGCTTTGAGA 
GMGMCATTTGCTAACCCATTTGAAGTGTACAGAGCATTAAGAAT 
TGTGAATCCAAGCCCATATATGACTTACA 


5833 



Asp326Asn 
25 GAC-AAC 
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TGTAAGTCATATATGGGCTTGGATTCACAATTCTTAATGCTCTGTA 
CACTTCAAATGGGTTAGCAAATGTTCTTCTCTCAAAGCGTTGACTT 
AAAACGATTTGAAATATGTCTCCTGCAGC 


5834 




CATTTGCTAACCCATTT 


5835 




AAATGGGTTAGCAAATG 


5836 


Trp Overproduction 
AS 

Oryza sativa 


CTAGCTGGTGACA 1 1 1 1 1 CAAGTAGTCTTAAGCCAGCG 1 1 1 IGAGA 
GGCGTACATTTGCTAACCCCTTTGAGGTGTACCGTGCATTGCGTA 
TTGTCAATCCTAGTCCTTATATGGCCTATC 


5837 


Asp323Asn 
GAC-AAC 


GATAGGCCATATAAGGACTAGGATTGACAATACGCAATGCACGGT 
ACACCTCAAAGGGGTTAGCAAATGTACGCCTCTCAAAACGCTGGC 
TTAAGACTACTTGAAAAATGTCACCAGCTAG 


5838 




CATTTGCTAACCCCTTT 


5839 




AAAGGGGTTAGCAAATG 


5840 


Trp Overproduction 
AS 

Ruta graveolens 


CTTGCTGGTGACATATTCCAGATCGTACTAAGTCAGCGTTTTGAAA 
GGCGAACGTTCGCAAACCCATTTGAAATCTATAGATCACTGAGGA 
TTGTTAATCCAAGCCCATATATGACTTATT 


5841 


Asp354Asn 
GAC-AAC 


AATMGTCATATATGGGCTTGGATTAACAATCCTCAGTGATCTATA 

GATTrCAMTGGGTTTGCGAACGnCGCCTTTCAAAACGCTGACTT 

AGTACGATCTGGAATATGTCACCAGCAAG 


5842 




CGTTCGCAAACCCATTT 


5843 




AAATGGGTTTGCGAACG 


5844 


Trp Overproduction 
AS 

Catharanthus roseus 


CTGGCTGGGGACATATTCCAGCTTGTCCTAAGTCAGCGTTTTGAA 
CGGCGMCATTTGCAAATCCATTTGAAGTCTACCGAGCATTGAGA 
ATrGTCAACCCAAGTCCATATATGACTTATT 


5845 


Asp354Asn 
GAT-AAT 


AATMGTCATATATGGACTTGGGTTGACAATTCTCAATGCTCGGTA 
GACTTCAAATGGATTTGCAAATGTTCGCCGTTCAAAACGCTGACTT 
AGGACAAGCTGGAATATGTCCCCAGCCAG 


. 5846 




CATTTGCAAATCCATTT 


5847 




AAATGGATTTGCAAATG 


5848 
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Example 10 
Production of modified starch in plants 

A principal aim of biotechnology is the improvement of crop plants for food value, 
agriculture, and to produce a range of plant-derived raw materials. Along with oils, fats and proteins, 
polysaccharides constitute the main raw materials derived from plants, and apart from cellulose, the storage 
polymer starch is the most important polysaccharide raw material. Starch is derived from a range of plants, 
but maize is the most important cultivated plant for the production of starch. 

The polysaccharide starch is a polymer made up of glucose molecules. However, starch is 
not a homogeneous raw material and is, in fact a highly complex mixture of various types of molecules 
which differ from each other, for example, in their degree of polymerization and in the degree of branching of 
the glucose chains. For example, amylose-starch is a basically non-branched polymer made up of 
a-1,4-glycosidically branched glucose molecules, and amylopectin-starch is a complex mixture of variously 
branched glucose chains. The branching results from additional a-1 ,6-glycosidic linkages. In plants from 
which starch is typically isolated, for example maize or potato, the starch is approximately 25% 
amylose-starch and 75% amylopectin-starch. 

In maize, various mutants in starch metabolism are known, for example waxy, sugary, 
shrunken and opaque-2. In addition to producing a modified starch, these mutations greatly improve grain 
quality in maize, and thus expand the use of maize not only as the food but also for the important industrial 
materials in food chemistry. It would therefore be advantageous to be able readily to obtain mutants in these 
genes in particular maize genotypes as well as other plants. Such plants can be obtained, for example, 
using traditional breeding methods and through specific genetic modification by means of recombinant DNA 
techniques. 

The attached tables disclose exemplary oligonucleotide base sequences which can be 
used to generate site-specific mutations in genes involved in starch metabolism. 
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Genome-Altering Oliqos Conferring Increased Starch 
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Increased Starch 
ADPGPP 

Arabidopsis thaliana 

Ala99Lys 

GCA-AAA 


GAACTTGAGACTGAGAAAAGGGATCCAAGGACAGTTGCTTCCATT 
ATTCTTGGAGGTGGAAAAGGAACTCGACTCTTTCCTCTCACAAAA 
CGCCGCGCCAAGCCTGCCGTTCCTATCGGGG 


5849 


CCCCGATAGGAACGGCAGGCTTGGCGCGGCGTTTTGTGAGAGGA 

AAGAGTCGAGTTCCTTTTCCACCTCCAAGAATAATGGAAGCAACT 

GTCCTTGGATCCCTTTTCTCAGTCTCAAGTTC 


5850 


GAGGTGGAAAAGGAACT 


5851 


AGTTCCTTJTCCACCTC 


5852 


Increased Starch 
ADPGPP 

Arabidopsis thaliana 

Pro127Leu 

CCA-CTA 


CAAAACGCCGCGCCAAGCCTGCCGTTCCTATCGGGGGAGCCTAT 
AGGTtGATAGATGTACTAATGAGCAATTGTATTAACAGCGGAATCA 
ACAAAGTCTACATACTCACACAATATAACTC 


5853 


GAGTTATATTGTGTGAGTATGTAGACTTTGTTGATTCCGCTGTTAA 
TACAATTGCTCATTAGTACATCTATCAACCTATAGGCTCCCCCGAT 
AGGAACGGCAGGCTTGGCGCGGCG I NIG 


5854 


AGATGTACTAATGAGCA 


5855 


TGCTCATTAGTACATCT 


5856 


Increased Starch 
ADPGPP 

Arabidopsis thaliana 

Gly162Asn 

GGA-AAT 


TCACACAATATAACTCAGCATCATTGAACAGGCATTTAGCCCGTGC 
TTACAACTCCAATAATCTTGGCTTTGGAGATGGCTATGTTGAGGTT 
CTTGCGGCCACTCAAACGCCAGGAGAATC 


5857 


GATTCTCCTGGCGTTTGAGTGGCCGCAAGAACCTCAACATAGCCA 
TCTCCAAAGCCAAGATTATTGGAGTTGTAAGCACGGGCTAAATGC 
CTGTTCAATGATGCTGAGTTATATTGTGTGA 


5858 


CTCCAATAATCTTGGCT 


5859 


AGCCAAGATTATTGGAG 


5860 


Increased Starch 
ADPGPP 

Arabidopsis thaliana 

Gly162Asn 

GGA-AAC 


TCACACAATATAACTCAGCATCATTGAACAGGCATTTAGCCCGTGC 
mCMCTCCMTAACCTTGGCTTTGGAGATGGCTATGTTGAGGTT 
CTTGCGGCCACTCAAACGCCAGGAGAATC 


5861 


GATTCTCCTGGCGTTTGAGTGGCCGCAAGAACCTCAACATAGCCA 
TCTCCAAAGCCAAGGTTATTGGAGTTGTAAGCACGGGCTAAATGC 
CTGTTCAATGATGCTGAGTTATATTGTGTGA 


5862 


CTCCAATAACCTTGGCT 


5863 


AGCCAAGGTTATTGGAG 


5864 
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Increased Starch 
ADPGPP 

Arabidopsis thaliana 

AsnlOOLys 

AAT-AAA 


GTTTGAGAGAAGAMGGTAGACCCGCAAAATGTGGCTGCAATCAT 
TCTAGGAGGAGGCAAAGGAGCTAAACTCTTCCCTCTTACAATGAG 
AGCCGCAACACCAGCTGTAAATATTCATCTT 


5865 


AAGATGAATATTTACAGCTGGTGTTGCGGCTCTCATTGTAAGAGG 
GAAGAGTTTAGCTCCTTTGCCTCCTCCTAGAATGATTGCAGCCAC 

S^/v»W/»W 1 1 i n\ju i \«/ w i i i www • ww i w w i nwn#» i \*«» i i ww#»w ww**w 

ATTTTGCGGGTCTACCTTTCTTCTCTCAAAC 


5866 


GGAGGCAAAGGAGCTAA 


5867 


TTAGCTCCTTTGCCTCC 


5868 


Increased Starch 
ADPGPP 

Arabidopsis thaliana 

Pro128Leu 

CCG-CTG 


CTTGTGTCTTCAAATTATGTTAGGTTCCTGTTGGTGGATGCTACAG 
GCTGATCGATATCCTGATGAGTAACTGTATTAACAGCTGCATCAAC 

\jw I \ i uun i n i ww i vj/ \ i vj#\w i nnw i i # \ i 1 1 w iw/ i w/ \ i w#v»w 

AAGATATTTGTGCTGACACAGTTCAACTC 


5869 


GAGTTGAACTGTGTCAGCACAAATATCTTGTTGATGCAGCTGTTAA 
TAOAGTTACTCATCAGGATATCGATCAGCCTGTAGCATCCACCAA 

1 f\w/\W 1 1 /\w 1 \jr\ 1 wr^w w/\ 1 r\ 1 \j\Jf \ 1 W/VwW W 1 w 1 nvJvn 1 uunuunn 

CAGGAACCTAACATAATTTGAAGACACAAG 


5870 


CGATATCCIGATGAGTA 


5871 


TACTCATCAGGATATCG 


5872 


Increased Starch 
ADPGPP 

Arabidopsis thaliana 

Gly163Asn 

GGC-AAT 


TGACACAGTTCAACTCAGCTTCCCTTAATCGACATTTAGCACGAAC 
TTA 1 1 1 1 GGGAATAATATAAACTTTGGAGGTGGTTTCGTAGAGGTA 
CAAACACTATGACAATAATAACTCTCAGC 


5873 


GCTGAGAGTTATTATTGTCATAGTGTTTGTACCTCTACGAAACCAC 
CTCCAMGTTTATATTATTCCCAAAATAAGTTCGTGCTAAATGTCG 

W 1 vV/Vw\w III / * 1 1 I / » 1 1 WWW/v»*w» I #w*\^ I I W** I WW I nnn i x> i \s \-* 

ATTAAGGGAAGCTGAGTTGAACTGTGTCA 


5874 


TGGGAATAATATAAACT 


5875 


AGTTTATATTATTCCCA 


5876 


Increased Starch 
ADPGPP 

Arabidopsisthaliana 

Gly163Asn 

GGC-AAC 


TGACACAGTTCAACTCAGCTTCCCTTAATCGACATTTAGCACGAAC 
TTA 1 1 1 1 GGGAATAACATAAACTTTGGAGGTGGTTTCGTAGAGGTA 

1 1 AA I 1 1 1 VjuVjnn 1 nnwn 1 nnnw I I i uunuu I ww i I I w w I / iw/Vww i n 

CAAACACTATGACAATAATAACTCTCAGC 


5877 


GCTGAGAGTTATTATTGTCATAGTGTTTGTACCTCTACGAAACCAC 
rTrrAAAftTTTATGTTATTPrnAAAATAAGTTnGTGCTAAATGTCG 

ATTAAGGGAAGCTGAGTTGAACTGTGTCA 


5878 


TGGGAATAACATAAACT 


5879 


AGTTTATGTTATTCCCA 


5880 


Increased Starch 

ADPGPP 

Lycopersicon 

esculentum 

Val94Lys 

GTT-AAA 


TTGAGGAACAACCAACGGCAGATCCAAAAGCTGTTGCCTCTGTCA 
TTCTAGGTGGTGGTAAAGGAACTCGTC 1 1 1 1 1 CCTCTTACAAGCA 
GAAGAGCTAAACCAGCTGTTCCTATTGGTGG 


5881 


CCACCAATAGGAACAGCTGGTTTAGCTCTTCTGCTTGTAAGAGGA 
AAAAGACGAGTTCCTTTACCACCACCTAGAATGACAGAGGCAACA 
GCI 1 1 1 GGATCTGCCGTTGGTTGTTCCTCAA 


5882 


TGGTGGTAAAGGAACTC 


5883 
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GAGTTCCTTTACCACCA 


5884 


Increased Starch 
ADPGPP 

LvcoDBrsicon 


CAAGCAGAAGAGCTAAACCAGCTGTTCCTATTGGTGGTTGTTACC 

A/%T A A TTO ATAT A /*> A A A"T*^> A AT A A f>T<>/^ ATT A AOA f^Tf^f^f* AT A ^ 

GGCTMTTGATGTACAAATGAGTAACTGCATTAALACa 1 GGI.A 1 AL 
GGAAAAI 1 1 1 CATCTTAACACAGTTCAATTC 


5885 


escu/en/um 
Pro122Leu 
CCA-CAA 


GMTTGMCTGTGTTMGATGAAAATTTTCCGTATGCCACTGTTAA 
TGCAGTTACTCATTTGTACATCAATTAGCCGGTAACAACCACCAAT 
AGGAACAGCTGGTTTAGCTCTTCTGCTTG 


5886 




TGATGTACAAATGAGTA 


5887 




TACTCATTTGTACATCA 


5888 


Increased Starch 

ADPGPP 

Lycopersicon 


CACAGTTCMTTCCTTTTCCCTCAATCGTCACCTTGCCCGCACGTA 

T A A 1 1 1 1 f^O A A ATA A TATAA/ * 1 1 1 I'AA A AATAAA'I' 1 I'OTOPA^Al 1 

TAAl 1 1 IGGAAAIAATGIbbul 1 1 1 GGAGATGGATTTGTGGAGbTT 
TTAGCTGCAACCCAGACTCCAGGGGATGC 


5889 


esculentum 
Gly158Asn 
GGA-AAT 


GCATCCCCTGGAGTCTGGGTTGCAGCTAAAACCTCCACAAATCCA 
TCTCCAAMCCCACAJTATTTCCAAAATTATACGTGCGGGCAAGGT 
GACGATTGAGGGAAAAGGAATTGAACTGTG 


5890 




TGGAMTAATGTGGGTT 


5891 




MCCCACATTATTTCCA 


5892 


Increased Starch 

ADPGPP 

Lycopersicon 


CACAGTTCAA1 ICCI 1 1 ICCCICAATCGTCACCTTGCCCGCACGTA 

T A a TTTTAA A A AT A A ^^T^NAX/'S 1 1 i'T^N^N A f \ A T/"> /"> A T*TTATAA A AATT 

TAATTTTGGAAATAACGTGGG 1 1 1 1 GGAGATGGATTTbTGGAGbT 1 
TTAGCTGCAACCCAGACTCCAGGGGATGC 


5893 


esculentum 
Gly158Asn 
GGA-AAC 


GCATCCCCTGGAGTCTGGGTTGCAGCTAAAACCTCCACAAATCCA 
TCTCCAAAACCCACGTTATTTCCAAAATTATACGTGCGGGCAAGGT 
GACGATTGAGGGAAAAGGAATTGAACTGTG 


5894 




TGGAAATAACGTGGGTT 


5895 




AACCCACGTTATTTCCA 


5896 


Increased Starch 
ADPGPP 

Cicerarietinum 


ACGTAGATTTGGAAAAAAGAGACCCAAGTACAGTTGTAGCAATTAT 
ACTAGGTGGAGGTAAAGGAACTCGTCTCTTCCCTCTCACCAAGC 

bALbAbL»L>AAbL»L> 1 bO loll UOAA 1 1 boAbb 


5897 


Ala101Lys 
GCT-AAA 


CCTCCAATTGGAACAGCAGGCTTGGCTCGTCGCTTGGTGAGAGG 
GAAGAGACGAGTTCCTTTACCTCCACCTAGTATAATTGCTACMCT 
GTACTTGGGTCTC 1 1 1 1 1 1 CCAAATCTACGT 


5898 




TGGAGGTAAAGGAACTC 


5899 




GAGTTCCTTTACCTCCA 


5900 
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Increased Starch 
ADPGPP 

Cicerarietinum 


CCAAGCGACGAGCCAAGCCTGCTGTTCCAATTGGAGGTGCTTATA 
GGCTGATAGATGTACTAATGAGTAACTGCATCAATAGTGGGATCAA 
CAAAGTATACATTCTCACTCAATTTAATTC 


5901 


Pro129Leu 
CCA-CTA 


GAATTAAATTGAGTGAGAATGTATACTTTGTTGATCCCACTATTGAT 
GCAGTTACTCATTAGTACATCTATCAGCCTATAAGCACCTCCAATT 
GGAACAGCAGGCTTGGCTCGTCGCTTGG 


5902 




AGATGTACIAATGAGTA 


5903 




TACTCATTAGTACATCT 


5904 


Increased Starch 

ADPGPP 

Cicerarietinum 


CTCAATTTAATTCAGCCTCACTCAACAGGCATATTGCACGTGCTTA 
TAACTCTGGTACTAATGTCACTnTGGAGATGGCTATGTTGAGGTT 
CTTGCAGCAACTCAAACTCCAGGGGAGCA 


5905 


Gly165Asn 
GGA-AAT 


TGCTCCCCTGGAGTTTGAGTTGCTGCAAGAACCTCAACATAGCCA 
TCTCCAAAAGTGACATTAGTACCAGAGTTATAAGCACGTGCAATAT 
GCCTGTTGAGTGAGGCTGAATTAAATTGAG 


5906 




TGGTACTAATGTCACTT 


5907 




AAGTGACATTAGTACCA 


5908 


Increased Starch 

ADPGPP 

Cicerarietinum 


CTCAATTTAATTCAGCCTCACTCAACAGGCATATTGCACGTGCTTA 
TAACTCTGGTACTAACGTCAC 1 1 1 1 GGAGATGGCTATGTTGAGGTT 
CTTGCAGCAACTCAAACTCCAGGGGAGCA 


5909 


Gly165Asn 
GGA-AAC 


TGCTCCCCTGGAGTTTGAGTTGCTGCAAGAACCTCAACATAGCCA 
TCTCCAAAAGTGACGTTAGTACCAGAGTTATAAGCACGTGCAATAT 
GCCTGTTGAGTGAGGCTGAATTAAATTGAG 


5910 




TGGTACTAACGTCACTT 


5911 




AAGTGACGTTAGTACCA 


5912 


Increased Starch 
ADPGPP 
Ipomoea batatas 


ATATTGGAGAGGCGTCGGGCAAACCCTAAGAATGTGGCTGCAATC 
ATACTGCCAGGCGGTAAAGGGACACACCTATTCCCTCTCACCAAT 
CGAGCTGCAACCCCTGCTGTTCCACTTGGAG 


5913 


Ala94Lys 
GCA-AAA 


CTCCAAGTGGAACAGCAGGGGTTGCAGCTCGATTGGTGAGAGGG 
AATAGGTGTGTCCCTTTACCGCCTGGCAGTATGATTGCAGCCACA 
TTCTTAGGGTTTGCCCGACGCCTCTCCAATAT 


5914 




CAGGCGGTAAAGGGACA 


5915 




TGTCCCTJTACCGCCTG 


5916 


Increased Starch 
ADPGPP 
Ipomoea batatas 


CCAATCGAGCTGCAACCCCTGCTGTTCCACTTGGAGGATGCTATA 
GGTTGATCGACATTCTAATGAGCAACTGCATCAACAGCGGGGTTA 
ACAAGATCTTTGTGCTGACCCAGTTCAATTC 


5917 


Pro122Leu 
CCA-CTA 


GAATTGAACTGGGTCAGCACAAAGATCTTGTTAACCCCGCTGTTG 

ATGCAGTTGCTCATTAGAATGTCGATCAACCTATAGCATCCTCCAA 

GTGGAACAGCAGGGGTTGCAGCTCGATTGG 


5918 




CGACATTCTAATGAGCA 


5919 
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111! 
tiSliti 




TGCTCATTAGAATGTCG 


5920 


Increased Starch 
ADPGPP 
Ipomoea batatas 
Gly157Asn 
GGT-AAT 


TGACCCAGTTCAATTCAGCTTCTCTTAACCGTCACATTTCCCGTAC 
CGTCTTTGGCMTAAIGTGAGCTTCGGAGATGGATTTGTTGAGGT 
bUTbbb 1 bOAAOUbAAAOAOAAbbbbAAAO 


5921 


GTTTCCCCTTGTGTTTGGGTTGCAGCCAGCACCTCAACAAATCCA 
TCTCCGAAGCTCACATTATTGCCAAAGACGGTACGGGAAATGTGA 

AAATT A A S\ A S\ A A A/ \T A A A'l I'A A A A^* A A^> 1 ' A A 

CGGTTAAGAGMGCTGAATTGAACTGGGTCA 


5922 


TGGCAATAATGTGAGCT 


5923 


AGCTCACATTATTGCCA 


5924 


Increased Starch 
ADPGPP 
Ipomoea batatas 
Gly157Asn 
GGT-AAC 


TGACCCAGTTCAATTCAGCTTCTCTTAACCG'I CACA 1 1 ICCCGIAC 
CGTCTTTGGCAATAACGTGAGCTTCGGAGATGGATTTGTTGAGGT 
GCiGGOTbCMOubAAAOAOAAbbbbAAAb 


5925 


GTTTCCCCTTGTGTTTGGGTTGCAGCCAGCACCTCAACAAATCCA 
TCTCCGMGCTCACGJTATTGCCAAAGACGGTACGGGAAATGTGA 
CGGTTAAGAGAAGCTGAATTGAACTGGGTCA 


5926 


TGGCAATAACGTGAGCT 


5927 


AGCTCACGTTATTGCCA 


5928 


Increased Starch 
ADPGPP 
Oryza sativa 
Thr96Lys 
ACC-AAA 


CATTCCGGAGGAACTTTGCGGATCCAAATGAGGTTGCTGCTGTTA 
TATTGGGTGGTGGCAAAGGGACTCAACI 1 1 1 1 CCTCTCACAAGCA 

AA Jl A A AAA A A A AATAATATTAAT ATTA A A AA 

CAAGGGCCACGCCTGCTGTTCCTATTGGAGG 


5929 


CCTCCAATAGGAACAGCAGGCGTGGCCCTTGTGCTTGTGAGAGG 
AAAAAGTTGAGTCCCTTTGCCACCACCCAATATAACAGCAGCAAC 
CTCATTTGGATCCGCAAAGTTCCTCCGGAATG 


5930 


TGGTGGCAAAGGGACTC 


5931 


GAGTCCCTJTGCCACCA 


5932 


Increased Starch 
ADPGPP 
Oryza sativa 
Pro1.24Leu 
CCC-CTC 


CAAGCACAAGGGCCACGCCTGCTGTTCCTATTGGAGGATGCTATA 
GGCTTATCGATATCCTCATGAGCMCTGTTTCAACAGTGGCATAAA 
CAAGATATTCATAATGACTCAATTCAACTC 


5933 


GAGTTGMTTGAGTCATTATGAATATCTTGTTTATGCCACTGTTGAA 
ACAGTTGCTCATGAGGATATCGATAAGCCTATAGCATCCTCCAATA 
GGAACAGCAGGCGTGGCCCTTGTGCTTG 


5934 


CGATATCCTCATGAGCA 


5935 


TGCTCATGAGGATATCG 


5936 


Increased Starch 
ADPGPP 
Oryza sativa 
Gly159Asn 
GGA-AAT 


TGACTCAATTCAACTCAGCATCTCTTAATCGTCACATTCATCGTAC 

GTACCTTGGTGGTAATATCAACTTTACTGATGGTTCTGTTGAGGTA 

TTAGCCGCTACACAAATGCCTGGGGAGGC 


5937 


GCCTCCCCAGGCATTTGTGTAGCGGCTAATACCTCAACAGAACCA 
TCAGTAAAGTTGATATTACCACCMGGTACGTACGATGAATGTGAC 
GATTAAGAGATGCTGAGTTGAATTGAGTCA 


5938 
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TGGTGGTAATATCAACT 


5939 




AGTTGATATTACCACCA 


5940 


Increased Starch 
ADPGPP 
Oryza sativa 


TGACTCMTTCAACTCAGCATCTCTTAATCGTCACATTCATCGTAC 

GTACCTTGGTGGTAACATCAACTTTACTGATGGTTCTGTTGAGGTA 

TTAGCCGCTACACAAATGCCTGGGGAGGC 


5941 


Gly159Asn 
GGA-AAC 


GCCTCCCCAGGCATTTGTGTAGCGGCTAATACCTCAACAGAACCA 

TCAGTAAAGTTGAT6TTACCACCAAGGTACGTACGATGAATGTGA 

CGATTAAGAGATGCTGAGTTGAATTGAGTCA 


5942 




TGGTGGTAACATCAACT 


5943 




AGTTGATGTTACCACCA 


5944 


Increased Starch 
ADPGPP 

Triticum aestivum 


GTCCTTCAGGAGGATTMGCGATCCGAACGAGGTTGCGGCCGTC 
ATACTCGGCGGCGGCAAAGGGACTCAGCTCTTCCCACTCACGAG 
CACAAGGGCCACACCTGCTGTTCCTATTGGAGG 


5945 


Thr80Lys 
ACC-AAA 


CCTCCAATAGGAACAGCAGGTGTGGCCCTTGTGCTCGTGAGTGG 
GAAGAGCTGAGTCCCnTGCCGCCGCCGAGTATGACGGCCGCAA 
CCTCGTTCGGATCGCTTAATCCTCCTGAAGGAC 


5946 




CGGCGGCAAAGGGACTC 


5947 




GAGTCCCTJTGCCGCCG 


5948 


Increased Starch 
ADPGPP 

Triticum aestivum 


CGAGCACAAGGGCCACACCTGCTGTTCCTATTGGAGGATGTTACA 

GGCTCATCGACATTCTCATGAGCAACTGCTTCAACAGTGGCATCA 

ACAAGATATTCGTCATGACCCAGTTCAACTC 


5949 


Pro108Leu 
CCC-CTC 


GAGTTGAACTGGGTCATGACGAATATCTTGTTGATGCCACTGTTG 
AAGCAGTTGCTCATGAGAATGTCGATGAGCCTGTAACATCCTCCA 
ATAGGAACAGCAGGTGTGGCCCTTGTGCTCG 


5950 




CGACATTCTCATGAGCA 


5951 




TGCTCATGAGAATGTCG 


5952 


Increased Starch 
ADPGPP 

Triticum aestivum 


TGACCCAGTTCAACTCGGCCTCCCTTMTCGTCACATTCACCGCA 
CCTACCTCGGCGGGAATATCAATTTCACTGATGGATCCGTTGAGG 
TATTGGCCGCGACGCAAATGCCCGGGGAGGC 


5953 


Gly143Asn 
GGA-AAT 


GCCTCCCCGGGCATTTGCGTCGCGGCCAATACCTCAACGGATCC 
ATCAGTGAAATTGATATTCCCGCCGAGGTAGGTGCGGTGAATGTG 
ACGATTAAGGGAGGCCGAGTTGAACTGGGTCA 


5954 




CGGCGGGAATATCAATT 


5955 




AATTGATATTCCCGCCG 


5956 


Increased Starch 
ADPGPP 


TGACCCAGTTCAACTCGGCCTCCCTTMTCGTCACATTCACCGCA 
CCTACCTCGGCGGGAACATCAATTTCACTGATGGATCCGTTGAGG 


5957 


Triticiim aestivum 


TATTGGCCGCGACGCAAATGCCCGGGGAGGC 





Gly143Asn 
GGA-AAC 
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GCCTCCCCGGGCATTTGCGTCGCGGCCAATACCTCAACGGATCC 
ATCAGTGAAATTGATGTTCCCGCCGAGGTAGGTGCGGTGAATGTG 
ACGATTAAGGGAGGCCGAGTTGAACTGGGTCA 


5958 




CGGCGGGAACATCMTT 


5959 




AATTGATGJTCCCGCCG 


5960 


Increased Starch 
ADPGPP 
Oryza sativa 


CCTCCCGAAAGAATTATGCTGATGCAAGCCACG 1 1 ICIGCIGICA 
TTTTGGGTGGAGGCAAAGGAGTTCAACTCTTTCCTCTGACAAGCA 
CAAGGGCTACCCCCGCTGTTCCTGTTGGAGG 


5961 


Thr95Lys 
ACT-AAA 


CCTCCAACAGGAACAGCGGGGGTAGCCCTTGTGCTTGTCAGAGG 
AAAGAGTTGAACTCCTTTGCCTCCACCCAAAATGACAGCAGAAAC 
GTGGCTTGCATCAGCATAATTCTTTCGGGAGG 


5962 




TGGAGGCAAAGGAGTTC 


5963 




GAACTCCTTTGCCTCCA 


5964 


Increased Starch 
ADPGPP 
Oryza sativa 


CAAGCACAAGGGCTACCCCCGCTGTTCCTGTTGGAGGATGTTACA 
GGCTTATTGACATCCTTATGAGCMTTGCTTCAATAGCGGAATAAA 
TAAAATATTTGTGATGACTCAGTTCAATTC 


5965 


Pro123Leu 
CCT-CTT 


GMTTGMCTGAGTCATCACAMTATTTTATTTATTCCGCTATTGAA 
GCAATTGCTCATAAGGATGTCMTAAGCCTGTAACATCCTCCAACA 
GGMCAGCGGGGGTAGCCCTTGTGCTTG 


5966 




TGACATCCJTATGAGCA 


5967 




TGCTCATAAGGATGTCA 


5968 


Increased Starch 
ADPGPP 


TGACTCAGTTCAATTCTGCTTCTCTTAATCGCCATATCCATCATAC 
ATACCTTGGTGGGAATATCAACTTTACTGATGGGTCTGTGCAGGT 


5969 


Oryza sativa 


ATTGGCTGCTACACAAATGCCTGACGAACC 




Gly158Asn 
GGG-AAT 


GGTTCGTCAGGCATTTGTGTAGCAGCCAATACCTGCACAGACCCA 
TCAGTAAAGTTGATATTCCCACCAAGGTATGTATGATGGATATGGC 
GATTAAGAGAAGCAGAATTGAACTGAGTCA 


5970 




TGGTGGGAATATCAACT 


5971 




AGTTGATATTCCCACCA 


5972 


Increased Starch 
ADPGPP 
Oryza sativa 


TGACTCAGTTCAATTCTGCTTCTCTTAATCGCCATATCCATCATAC 

ATACCTTGGTGGGAACATCAACTTTACTGATGGGTCTGTGCAGGT 

ATTGGCTGCTACACAAATGCCTGACGAACC 


5973 


Gly158Asn 
GGG-AAC 


GGTTCGTCAGGCATTTGTGTAGCAGCCAATACCTGCACAGACCCA 
TCAGTAAAGTTGATGTTCCCACCAAGGTATGTATGATGGATATGGC 
GATTAAGAGAAGCAGAATTGAACTGAGTCA 


5974 




TGGTGGGAACATCMCT 


5975 




AGTTGATGTTCCCACCA 


5976 
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Increased Starch 
ADPGPP 
Triticum aestivum 


CCTTCCGCAGGAATTACGCCGATCCGAACGAGGTCGCGGCCGTC 
ATACTCGGCGGTGGCAAAGGGACTCAGCTCTTCCCTCTCACAAG 

XV A XV A A .XV XV XV XV A XV A XV XV XV XX^T* XV XV A ""^^"XV ^\ A X^ 

CACAAGGGCCACACCTGCTGTTCCTATTGGAGG 


5977 


Thr99Lys 
ACC-AAA 


CCTCCAATAGGAACAGCAGGTGTGGCCCTTGTGCTTGTGAGAGG 
GAAGAGCTGAGTCCCJJTGCCACCGCCGAGTATGACGGCCGCGA 
CCTCGTTCGGATCGGCGTAATTCCTGCGGAAGG 


5978 




CGGTGGCAAAGGGACTC 


5979 




GAGTCCCTTTGCCACCG 


5980 


Increased Starch 
ADPGPP 
Triticum aestivum 


CAAGCACAAGGGCCACACCTGCTGTTCCTATTGGAGGATGTTACA 
GGCTCATCGATATTCTCATGAGCAACTGCTTCAATAGTGGCATCAA 
CAAGATATTCGTCATGACGCAGTTCAACTC 


5981 


Pro127Leu 
CCC-CTC 


GAGTTGAACTGCGTCATGACGAATATCTTGTTGATGCCACTATTGA 

AGCAGTTGCTCATGAGAATATCGATGAGCCTGTAACATCCTCCAA 

TAGGAACAGCAGGTGTGGCCCTTGTGCTTG 


5982 




CGATATTCICATGAGCA 


5983 




TGCTCATGAGAATATCG 


5984 


Increased Starch 
ADPGPP 

Triticum aestivum 


TGACGCAGTTCAACTCGGCCTCTCTTAATCGTCACATTCACCGCA 
CCTACCTCGGCGGGAAIATCAATTTCACTGATGGATCTGTTGAGG 

. — ^ XV XV XV A .^V ^V AAA XV ^V XV XV X^ X^ X^ A XV X^ XV 

TATTGGCCGCGACGCAAATGCCCGGGGAGGC 


5985 


Gly162Asn 
GGA-AAT 


GCCTCCCCGGGCATTTGCGTCGCGGCCAATACCTCAACAGATCC 

ATCAGTGAAATTGATAJTCCCGCCGAGGTAGGTGCGGTGAATGTG 

ACGATTAAGAGAGGCCGAGTTGAACTGCGTCA 


5986 




CGGCGGGAATATCAATT 


5987 




AATTGATATTCCCGCCG 


5988 


Increased Starch 
ADPGPP 

Triticum aestivum 


TGACGCAGTTCAACTCGGCCTCTCTTAATCGTCACATTCACCGCA 

CCTACCTCGGCGGGAACATCAATTTCACTGATGGATCTGTTGAGG 

TATTGGCCGCGACGCAAATGCCCGGGGAGGC 


5989 


Gly162Asn 
GGA-AAC 


GCCTCCCCGGGCATTTGCGTCGCGGCCAATACCTCAACAGATCC 

ATCAGTGAAATrGATGTTCCCGCCGAGGTAGGTGCGGTGAATGTG 

ACGATTAAGAGAGGCCGAGTTGAACTGCGTCA 


5990 




CGGCGGGAACATCAATT 


5991 




AATTGATGTTCCCGCCG 


5992 


Increased Starch 
ADPGPP 
lea mays 


CI 1 1 ICGGAGGAATTATGCTGATCCTAATGAAGTCGCTGCCGTCA 
TTnGGGTGGTGGTAAAGGGACTCAGCTTTTCCCTCTCACAAGCA 
CAAGGGCCACCCCTGCTGTTCCTATTGGAGG 


5993 


Thr96Lys 
ACC-AAA 


CCTCCAATAGGAACAGCAGGGGTGGCCCTTGTGCTTGTGAGAGG 

GAAAAGCTGAGTCCCTTTACCACCACCCAAAATGACGGCAGCGAC 

TTCATTAGGATCAGCATAATTCCTCCGAAAAG 


5994 




TGGTGGTAAAGGGACTC 


5995 
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GAGTCCCTJTACCACCA 


5996 


Increased Starch 
ADPGPP 
Zea mays 


CAAGCACAAGGGCCACCCCTGCTGTTCCTATTGGAGGATGTTACA 
GGCTTATTGATATCCTCATGAGCAACTGTTTCAACAGTGGCATAAA 
CAAGATATTTGTTATGACTCAGTTCAACTC 


5997 


Pro124Leu i 
CCC-CTC 


GAGTTGAACTGAGTCATAACAAATATCTTGTTTATGCCACTGTTGA 
AACAGTTGCTCATGAGGATATCAATAAGCCTQTMCATCCTCCAAT 
AGGAACAGCAGGGGTGGCCCTTGTGCTTG 


5998 




TGATATCCTCATGAGCA 


5999 




TGCTCATGAGGATATCA 


6000 


Increased Starch 
ADPGPP 
Zea mays 


TGACTCAGTTCAACTCAGCTTCTCTTAACCGTCACATTCATCGTAC 
CTATCTTGGTGGGAATATCAACTTCACTGATGGATCTGTTGAGGT 
GCTGGCTGCAACACAAATGCCTGGGGAGGC 


6001 


Gly1 59Asn 

GGG-AAT | 


GCCTCCCCAGGCATTTGTGTTGCAGCCAGCACCTCAACAGATCCA 

TCAGTGAAGTTGATATTCCCACCAAGATAGGTACGATGAATGTGA 

CGGTTAAGAGAAGCTGAGTTGAACTGAGTCA 


6002 




TGGTGGGAATATCAACT 


6003 




AGTTGATATTCCCACCA 


6004 


Increased Starch 
ADPGPP 
Zea mays 


tGaCtcAgttcaactCagcttctcttaaccgtcacattcatcgtac 
ctatcttggtgggaacatcaacttcactgatggatctgttgaggt 
gctggctgcaacacaaatgcctggggaggc 


6005 


Gly159Asn 
GGG-AAC 


GCCTCCCCAGGCATTTGTGTTGCAGCCAGCACCTCAACAGATCCA 

TCAGTGAAGTTGATGTTCCCACCAAGATAGGTACGATGAATGTGA 

CGGTTAAGAGAAGCTGAGTTGAACTGAGTCA 


6006 




TGGTGGGAACATCMCT 


AAA7 

6007 




AGTTGATGTTCCCACCA 


6008 I 


Increased Starch 
ADPGPP I 
Solatium tuberosum 


CTTGAGAGGCAAAAGAAGGGCGATGCAAGGACAGTAGTAGCAAT 
CATTCTAGGAGGGGGAAAGGGMCTCGTC 1 1 1 1 CCCCCTCACCAA 
ACGTCGTGCTAAGCCTGCCGTTCCAATGGGAG 


6009 j 


Ala58Lys 
GCG-AAG 


CTCCCATTGGAACGGCAGGCTTAGCACGACGTTTGGTGAGGGGG 
AAAAGACGAGTTCCCTTTCCCCCTCCTAGAATGATTGCTACTACTG 
TCCTTGCATCGCCCnCI 1 1 IGCCTCTCAAG 


6010 




f \ A y^v ASA y-^ /""v a A /"VI" 

GAGGGGGAAAGGGAACT 


6011 




AGnCCCTTTCCCCCTC 


6012 


Increased Starch 
ADPGPP 

Solanum tuberosum 


CCAAACGTCGTGCTAAGCCTGCCGTTCCAATGGGAGGAGCATATA 
GGCTAATTGATGTACTAATGAGCAACTGTATTAACAGTGGCATCAA 
CAAAGTATACATTCTCACTCAATTCAACTC. 


6013 


Pro86Leu 
CCA-CTA 


GAGTTGAATTGAGTGAGAATGTATACTTTGTTGATGCCACTGTTAA 
TACAGTTGCTCATTAGTACATCAATTAGCCTATATGCTCCTCCCAT 
TGGAACGGCAGGCTTAGCACGACGTTTGG 


6014 
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SEQIO 




MO; 




TGATGTACTAATGAGCA 


6015 




TGCTCATTAGTACATCA 


6016 


Increased Starch 
ADPGPP 

Solarium tuberosum 


CTCAATTCAACTCAGCCTCACTTAACAGGCATATAGCTCGTGCTTA 
CAACTTTGGCAATAATGTCACATTCGAGAGTGGCTATGTCGAGGT 
CTTAGCAGCAACTCAAACACCAGGTGAATT 


6017 


Gly122Asn 
GGG-AAT 


AATTCACCTGGTGTTTGAGTTGCTGCTAAGACCTCGACATAGCCA 

CTCTCGMTGTGACATTATTGCCAAAGTTGTAAGCACGAGCTATAT 

GCCTGTTAAGTGAGGCTGAGTTGAATTGAG 


6018 




TGGCAATAATGTCACAT 


6019 




ATGTGACATTATTGCCA 


6020 


Increased Starch 
ADPGPP 

Solanum tuberosum 


CTCAATTCAACTCAGCCTCACTTAACAGGCATATAGCTCGTGCTTA 
CAACTTTGGCAATAACGTCACATTCGAGAGTGGCTATGTCGAGGT 
CTTAGCAGCAACTCAAACACCAGGTGAATT 


6021 


Gly122Asn 
GGG-AAC 


AATTCACCTGGTGTTTGAGTTGCTGCTAAGACCTCGACATAGCCA 

CTCTCGAATGTGACGTTATTGCCAAAGTTGTAAGCACGAGCTATAT 

GCCTGTTAAGTGAGGCTGAGTTGAATTGAG 


6022 




TGGCAATAACGTCACAT 


6023 




ATGTGACGTTATTGCCA 


6024 


Increased Starch 
ADPGPP 


TATTTGAATCTCCAAAAGCTGACCCAAAAAATGTGGCTGCAATTGT 
GCTGGGTGGTGGTAAAGGGACTCGCCTCTTTCCTCTTACTAGCA 


6025 


Befa vulgaris 


GGAGAGCTAAGCCAGCAGTGCCAATTGGAGG 




Ala98Lys 
GCT-AAA 


CCTCCAATTGGCACTGCTGGCTTAGCTCTCCTGCTAGTAAGAGGA 
AAGAGGCGAGTCCCTTTACCACCACCCAGCACAATTGCAGCCACA 


6026 




1 1 1 1 1 IGGGICAGCI 1 1 1 GGAGATTCAAATA 






TGGTGGTAAAGGGACTC 


6027 




GAGTCCCTTTACCACCA 


6028 


Increased Starch 
ADPGPP 
Sefa vulgaris 


TATTTGAATCTCCAAAAGCTGACCCAAAAAATGTGGCTGCAATTGT 

GCTGGGTGGTGGTAACGGGACTCGCCTCTTTCCTCTTACTAGCA 

GGAGAGCTAAGCCAGCAGTGCCAATTGGAGG 


6029 


Ala98Lys 
GCT-AAC 


CCTCCAATTGGCACTGCTGGCTTAGCTCTCCTGCTAGTAAGAGGA 
AAGAGGCGAGTCCCGTJACCACCACCCAGCACAATTGCAGCCAC 


6030 




Al 1 1 1 1 1 GGGTCAGCTTTTGGAGATTCAAATA 






TGGTGGTAACGGGACTC 


6031 




GAGTCCCGTTACCACCA 


6032 


Increased Starch 
ADPGPP 


CTAGCAGGAGAGCTAAGCCAGCAGTGCCAATTGGAGGGTGTTAC 
AGGCTGATTGATGTGCJTATGAGCAACTGCATCAACAGTGGCATT 


6033 


Beta vulqaris 


AGAAAGAI 1 1 1 CATTCTTACCCAGTTCAATTC 





Pro126Leu 
CCT-CTT 



WO 01/92512 



-145- 



PCT/US01/17672 





<■ it ' . 

; - 

, • _ Altering QHgos ; ' \ ; 


- : no ,L 




GAATTGAACTGGGTMGAATGAAAATCTTTCTAATGCCACTGTTGA 


6034 j 




TGCAGTTGCTCATAAGCACATCAATCAGCCTGTAACACCCTCCAA 
TTGGCACTGCTGGCTTAGCTCTCCTGCTAG 






TGATGTGCTJATGAGCA 


6035 




TGCTCATAAGCACATCA 


6036 


Increased Starch 
ADPGPP 


CCCAGTTCAAI I CGI 1 1 1 CGCTTAATCGTCATCTTGCTCGAACCTA 
TMTTTTGGAGATAATGTGMTTTTGGGGATGGCTTTGTGGAGGTT 


6037 


Beta vulgaris 


TTTGCTGCTACACAAACACCTGGAGAATC 




Gly162Asn 
GGT-AAT 


GATTCTCCAGGTGTTTGTGTAGCAGCAAAAACCTCCACAAAGCCA 
TCCCCAAAATTCACATTATCTCCAAAATTATAGGTTCGAGCAAGAT 
GACGATTAAGCGAAAACGAATTGAACTGGG 


6038 




TGGAGATAATGTGAATT 


6039 




AATTCACATTATCTCCA 


6040 


Increased Starch 
ADPGPP 


CCCAGTTCAAI I CGI 1 1 1 CGCTTAATCGTCATCTTGCTCGAACCTA 
TMTmGGAGATAACGTGMTTTTGGGGATGGCTTTGTGGAGGT 


6041 


Beta vulgaris 


TTTTGCTGCTACACAAACACCTGGAGAATC 




Gly162Asn 
GGT-AAC 


GATTCTCCAGGTGTTTGTGTAGCAGCAAAAACCTCCACAAAGCCA 
TCCCCAAMnCACGTTATCTCCAAAATTATAGGTTCGAGCAAGAT 
GACGATTAAGCGAAAACGAATTGAACTGGG 


6042 




TGGAGATAACGTGAATT 


6043 




AATTCACGTTATCTCCA 


6044 
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Oligonucleotides to produce plants with waxy starch 



Plant •SJargeted 
Alteration 


Y j ,1 AttednsOligo« — : : '<^' 


|SEQID< 


Waxy starch 
GBSS 

Arabidopsis thaliana 

Ser12Term 

TCA-TGA 


GAATCCAGGTAAACGGGTAGTTCATAATGGCAACTGTGACTGCTTC 
TTCTMCTnGTGTGMGMCTTCACTTTTCAACAATCATGGTGCTT 
CTTCATGCTCTGATGTCGCTCAGATTAC 


6045 


GTAATCTGAGCGACATCAGAGCATGAAGMGCACCATGATTGTTGA 
AAAGTGAAGTTCTTCACACAAAGTTAGAAGAAGCAGTCACAGTTGC 
CATTATGAACTACCCGTTTACCTGGATTC 


6046 


A'i i 1 at/^TA A AAA A ATT 

CTTTGTGTGAAGAACTT 


uU4/ 


AAGTTCTTCACACAAAG 


6048 


Waxy starch 
GBSS 

Arabidopsis thaliana 

Arg13Term 

AGA-TGA 


ATCCAGGTAAACGGGTAGTTCATAATGGCAACTGTGACTGCTTCTT 
CTAACTTTGTGTCATGAACTTCACI 1 1 1 CAACAATCATGGTGCTTCT 
TCATGCTCTGATGTCGCTCAGATTACCT 


6049 


AGGTAATCTGAGCGACATCAGAGCATGAAGAAGCACCATGATTGTT 
GAAAAGTGAAGTTCATGACACAAAGTTAGAAGAAGCAGTCACAGTT 
GCCATTATGAACTACCCGTTTACCTGGAT 


6050 


TTGTGTCAIGAACTTCA 


end 


TGAAGTTCATGACACAA 


6052 


Waxy starch 
GBSS 

Arabidopsis thaiiana 

Ser15Term 

TCA-TGA 


TAAACGGGTAGTTCATAATGGCAACTGTGACTGCTTCTTCTAACTT 

TGTGTCMGMCTTGACTTTTCAACAATCATGGTGCTTCTTCATGCT 

CTGATGTCGCTCAGATTACCtTAAAAGG 


6053 


CCTTTTAAGGTAATCTGAGCGACATCAGAGCATGAAGAAGCACCAT 

GATTGTTGAAAAGTCAAGTTCTTGACACAAAGTTAGAAGAAGCAGT 

CACAGTTGCCATTATGAACTACCCGTTTA 


6054 


AAGAACTTGACTTTTCA 


6055 


T-/-\ A A A A AT/* A A H'lTO I I 

TGAAAAGTCAAGTTCTT 


buoo 


Waxy starch 
GBSS 

Arabidopsis thaliana 

Ser24Term 

TCA-TGA 


TGACTGCTTCTTCTMCTTTGTGTCMGMCTTCACTTTTCAACAAT 
CATGGTGCTTCTTGATGCTCTGATGTCGCTCAGATTACCTTAAAAG 
GCCAATCCTTGACTCATTGTGGGTTAAG 


6057 


CTTMCCCACMTGAGTCMGGATTGGCCTTTTAAGGTAATCTGAG 
CGACATCAGAGCATCAAGMGCACCATGATTGTTGAAAAGTGAAGT 
TCTTGACACAAAGTTAGAAGAAGCAGTCA 


6058 


TGCTTCTTGATGCTCTG 


6059 


CAGAGCATCAAGAAGCA 


6060 
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Waxy starch 
GBSS 

ftrduiuopsis inBiiBnd 

Cys25Term 

TGC-TGA 


TGCnCTTCTMCTTTGTGTCAAGAACTTCACTTTTCAACAATCATG 
GTGCTTCTTCATGATCTGATGTCGCTCAGATTACCTTAAMGGCCA 

ATPPTTfi APTP ATT^nY^fTTTA Aft <TTP A 


6061 i 


TGACCTTMCCCACAATGAGTCAAGGATTGGCCTTTTAAGGTAATC 
TGAGCGACATCAGATCATGAAGAAGCACCATGATTGTTGAAAAGTG 

A A fTTTPTTft AP A P A A A ftTT A f5 A Aft A AftP A 
Mnb Mull bAUAOAAAO 1 1 AOnnOnMOOn 


6062 


TCTTCATGATCTGATGT 


6063 


ACATCAGATCATGAAGA 


6064 


Waxy starch 
GBSS 

Antirrhinum majus 

Lys24Term 

AAA-TAA 


GTAACAGCTTCACAGTTGGTGTCACATGTCCATGGTGGAGCAACG 
TCTTCACCGGATACTTAAACAAACTTGGCCCAGGTTGGCCTCAGG 

A A PP A flC A ATTP A PTP AP A ATftftftTTftAft AT 
AAOO AvjUAA 1 1 LrAO 1 OALrAA 1 bbb 1 1 unOM 1 


6065 


ATCTCAACCCATTGTGAGTGAATTGCTGGTTCCTGAGGCCAACCT 
GGGCCMGTTTGTTTAAGTATCCGGTGAAGACGTTGCTCCACCAT 

r^APATCTfSAPAPPAAPTlTrfSAAfiPTfiTTAP 


6066 


CGGATACTTAAACAAAC 


6067 


GTTTGTTTAAGTATCCG 


6068 


Waxy starch 
GBSS 

Antirrhinum majus 

Leu27Term 

TTG-TAG 


CACAGTTGGTGTCACATGTCCATGGTGGAGCAACGTCTTCACCGG 
ATACTAAAACAAACTAGGCCCAGGTTGGCCTCAGGAACCAGCAAT 

TP A PTP AP A ATftftftTTftAft ATP A ATA A APAT 
1 KjrXj 1 OAl/AA 1 OOO 1 1 bAoA 1 Lr AA 1 AAAUA 1 


6069 


ATGTTTATTGATCTCAACCCATTGTGAGTGAATTGCTGGTTCCTGA 
GGCCMCCTGGGCCIAGTTTGTTTTAGTATCCGGTGAAGACGTTG 

PTPPAPPATftftAPATftTftAPAPPAAPTftTft 

Lr 1 LrLrAuLrA 1 ooAOA 1 \J 1 VjAUALfUAAU 


6070 


AACAAACTAGGCCCAGG 


6071 


CCTGGGCCTAGTTTGTT 


6072 


Waxy starch 
GBSS 

Antirrhinum majus 

Gin29Term 

CAG-TAG 


TTGGTGTCACATGTCCATGGTGGAGCAACGTCTTCACCGGATACT 
AAAACAAACTTGGCCTAGGTTGGCCTCAGGAACCAGCAATTCACT 

P A P A ATPPPTTft A ft ATP A AT A A A P ATftftTTft 
Lf ALrAA 1 bob 1 1 WvJA 1 OAA I AAAOA 1 Ob 1 1 \J 


6073 


CMCCATGTTTATTGATCTCAACCCATTGTGAGTGAATTGCTGGTT 
CCTGAGGCCAACCTAGGCCAAGTTTG 1 1 1 1 AGTATCCGGTGAAGA 

r x r , TmPTPPAPPATr2r5APATr3Tr5APAPPAA 


6074 


ACTTGGCCIAGGTTGGC 


.6075 


GCCAACCTAGGCCAAGT 


6076 


Waxy starch 
GBSS 

Antirrhinum majus 

Gln35Term 

CAG-TAG 


GGTGGAGCAACGTCTTCACCGGATACTAAAACAAACTTGGCCCAG 

GTTGGCCTCAGGAACTAGCAATTCACTCACAATGGGTTGAGATCAA 

TAMCATGGTTGATAAGCTTCAAATGAGGA 


6077 


TCCTCATTTGMGCTTATCAACCATGTTTATTGATCTCAACCCATTG 
TGAGTGAATTGCTAGTTCCTGAGGCCAACCTGGGCCAAGTTTGTT 
TTAGTATCCGGTGAAGACGTTGCTCCACC 


6078 
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Hip 
mi 

Mmmm; 




TCAGGAACIAGCAATTC 


6079 




GAATTGCTAGTTCCTGA 


6080 


Waxy starch 
GBSS 

Antirrh int rm moii i c 

Hfiuffuinuiu uiajus 


GGAGCAACGTCTTCACCGGATACTAAAACAAACTTGGCCCAGGTT 
GGCCTCAGGAACCAGTAATTCACTCACAATGGGTTGAGATCAATM 

APATGfyTTfiATAAfiPTTPAAATfiAftftAAPA 
nun 1 uu 1 1 Un 1 nrtwu 1 1 v-*rWA i OAOOAAwA 


6081 


Gln36Term 
CM-TAA 


TGTTCCTCATTTGAAGCTTATCAACCATGTTTATTGATCTCAACCCA 
TTGTGAGTGAATTACTGGTTCCTGAGGCCAACCTGGGCCAAGTTT 
n 1 1 1 1 A(TrATPPfi(yrfiAAftAPfiTrofn'Pr 


6082 




GGAACCAGIAATTCACT 


6083 I 




AGTGAATTACTGGTTCC 


6084 


Waxy starch 
GBSS 

IpOuiOdd DaldiaS 


GTGATGGCGACTATAACTGCCTCACACTTTGTTTCTCATGTCTGTG 
GGGGTGCCACTTCTIGAGAATCAAAAGTGGGGTTGGGTCAATTAG 


6085 


Gly20Term 
GGA-TGA 


CATTGTGAGTCACAGCTTGGCTCCTCAGGGCTAATTGACCCAACC 
CCACTTTTGATTCTCAAGAAGTGGCACCCCCACAGACATGAGAAA 
PAAAfiTr5Tr5Ar5r3PA<nTATAr;Tr , r;rr'ATPAr 

OAAAO 1 O 1 OAOOLiAO 1 1 A 1 AO 1 V^OOV-rA 1 OAVo 


6086 




CCACTTCTTGAGAATCA 


6087 




TGATTCTCAAGAAGTGG 


6088 


Waxy starch 
GBSS 

ipOmOua UalalaS 


ATGGCGACTATAACTGCCTCACACTTTGTTTCTCATGTCTGTGGGG 
GTGCCACTTCTGGATAATCAAAAGTGGGGTTGGGTCAATTAGCCC 

Tf5Af5f5Af5PPAAf5PTfiTf?APTPAPAATf;r5r;T 

1 OaOOAOV/OAAOv 1 0 1 OAV*» 1 OAV»iAA 1 OOO 1 


6089 


Glu21Term 
GAA-TM 


ACCCATTGTGAGTCACAGCTTGGCTCCTCAGGGCTAATTGACCCA 
ACCCCACI 1 1 IGATTATCCAGAAGTGGCACCCCCACAGACATGAG 

AAAPAAARTfiTRARfiPAfiTTATARTPRPPAT 

AAAV^AAAO 1 O 1 OAOOwAO 1 1 A 1 AO 1 wwV/tt 1 


6090 




CTTCTGGAIAATCAAAA 


6091 




TTTTGATTATCCAGAAG 


6092 


Waxy starch 
GBSS 

ipomoea batatas 


CGACTATAACTGCCTCACACTTTGTTTCTCATGTCTGTGGGGGTGC 

CACTTCTGGAGAATGAAAAGTGGGGTTGGGTCAATTAGCCCTGAG 

c a ppn a a pptptp a ptp a p a aty2P.ottp a n 
oAouOAAoU 1 o 1 oAO 1 l/AOAA 1 ooo 1 1 oAo 


6093 


Ser22Term 
TCA-TGA 


CTCAACCCATTGTGAGTCACAGCTTGGCTCCTCAGGGCTAATTGA 
CCCAACCCCACTTTTCATTCTCCAGAAGTGGCACCCCCACAGACA 
TGAGAAACAAAGTGTGAGGCAGTTATAGTCG 


6094 




TGGAGAATGAAAAGTGG 


6095 




CCACTTTTCATTCTCCA 


6096 
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Waxy starch 
GBSS 

Ipomoea batatas 


ACTATAACTGCCTCACACTTTGTTTCTCATGTCTGTGGGGGTGCCA 
CTTCTGGAGAATCATAAGTGGGGTTGGGTCAATTAGCCCTGAGGA 

AA/> A A nAT/>T/> A ATA AAA A TAAATTP AAAA 

GCCAAGCTGTGACTCACAATGGGTTGAGAC 


6097 


Lys23Term 
AAA-TAA 


GTCTCAACCCATTGTGAGTCACAGCTTGGCTCCTCAGGGCTAATT 
GACCCAACCCCACTTATGA7TCTCCAGAAGTGGCACCCCCACAGA 
CATbAbAAACAMbTbTbAbbOAb 1 1 A I Ab 1 


6098 




GAGAATCATAAGTGGGG 


6099 




CCCCACTTATGATTCTC 


6100 


Waxy starch 
GBSS 

Ipomoea batatas 


CCTCACACTTTGTTTCTCATGTCTGTGGGGGTGCCACTTCTGGAGA 
ATCAAAAGTGGGGTAGGGTCAATTAGCCCTGAGGAGCCAAGCTGT 

A A ATA AAA A TAA ATTA AAA A AT AT A A A A A A 

GACTCACAATGGGTTGAGACCTGTGAACAA 


6101 


Leu26Term 
TTG-TAG 


TTGTTCACAGGTCTCAACCCATTGTGAGTCACAGCTTGGCTCCTCA 
GGGCTAATTGACCCIACCCCACI 1 1 1 GATTCTCCAGAAGTGGCAC 

r\r^r\r\ flPAnun a TO A/~*AAAOAAA ^TPTP A 

CCCCACAGACATGAGAAAUAAAbTbl bAbb 


6102 




AGTGGGGTAGGGTCAAT 


6103 




ATTGACCCIACCCCACT 


6104 


Waxy starch 

GBSS 

Astragalus 


CATCGGCGATTGTTGCTCCTTACTGCTCTCTCACAGAATGGCAAC 
GGTGACGGGGTCTTAGGTGGTGTCGAGAAGCGCGTGCTTCAATTC 

A A A AAA A A A A A A A A A A AAA AAA /"VT" A A ATTA A 

CCAGGGAAGAACAGAAGCCAAAGTGAATTCA 


6105 


membranaeus 
Tyr8Term 

TAT TAP 

TAT-TAG 


TGAATTCACTTTGGCTTCTGTTCTTCCCTGGGAATTGAAGCACGCG 
CTTCTCGACACCACCTAAGACCCCGTCACCGTTGCCATTCTGTGA 

AAAA AAA ATA A A A A A A A AAA ATPP rtrt ^ATP 

GAGAGCAGTAAGGAGCAACAATCGCCGATG 


6106 




GGGTCTTAGGTGGTGTC 


6107 




GACACCACCTAAGACCC 


6108 


Waxy starch 

GBSS 

Astragalus 


ATTGTTGCTCCTTACTGCTCTCTCACAGAATGGCAACGGTGACGG 
GGTCTTATGTGGTGTAGAGAAGCGCGTGCTTCAATTCCCAGGGAA 

A A A A A AAA 1 A A "1 " T'/'X A AATA A A A 

GAACAGAAGCCAAAGTGAATTCACCTCAGAA 


6109 


membranaeus 

Ser11Term 

TCG-TAG 


TTCTGAGGTGAATTCACTTTGGCTTCTGTTCTTCCCTGGGAATTGA 
AGCACGCGCTTCTCTACACCACATAAGACCCCGTCACCGTTGCCA 
TTCTGTGAGAGAGCAGTAAGGAGCAACAAT 


6110 




TGTGGTGTAGAGAAGCG 


6111 




CGCTTCTCIACACCACA 


6112 
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Waxy starch 
GBSS 

HSUayalUS 

membranaeus 

Arg12Term 

AGA-TGA 


TGTTGCTCCTTACTGCTCTCTCACAGAATGGCAACGGTGACGGGG 

TCTTATGTGGTGTCGIGAAGCGCGTGCTTCAATTCCCAGGGAAGA 

APARAARPPAAARTRAATTPAPPTPARAARA 
AvnunAOuwnnnO 1 wAA l l onuu 1 wAOAAVJA 


6113 ! 


TCTTCTGAGGTGMTTCACTTTGGCTTCTGTTCTTCCCTGGGAATT 
GAAGCACGCGCTTCACGACACCACATAAGACCCCGTCACCGTTGC 

PATTPTRTRARARARPARTAARRARPAAPA 
L»A 1 ILflUI OAOAOAOOAVJ l aavjVJAU\/AAV«iA 


6114 


TGGTGTCGIGAAGCGCG 


6115 


CGCGCTTCACGACACCA 


6116 


Waxy starch 

GBSS 

/\Siragaius 

membranaeus 

Cys15Term 

TGC-TGA 


ACTGCTCTCTCACAGAATGGCAACGGTGACGGGGTCTTATGTGGT 
GTCGAGAAGCGCGTGATTCAATTCCCAGGGAAGAACAGAAGCCAA 

ARTRAATTPAPPTPARAARATAAATPTPAAT 

AO 1 V3AA 1 1 \jrVkj\j 1 LiAOAAVJA 1 AAA 1 \j 1 unn 1 


6117 


ATTGAGATnATCTTCTGAGGTGMTTCACTTTGGCTTCTGTTCTTC 
CCTGGGAATTGAAICACGCGCTTCTCGACACCACATAAGACCCCG 

TPAPPRTTRPPATTPTRTRARARARPART 

1 uMvuO 1 1 OVA^n 1 1 O 1 O 1 VJAOAV3AV3wA\3 1 


6118 


AGCGCGTGATTCAATTC 


6119 


GAATTGAATCACGCGCT 


6120 


Waxy starch 

GBSS 

Astragalus 

membranaeus 

Gln19Term 

CAG-TAG 


CACAGAATGGGAACGGTGACGGGGTCTTATGTGGTGTCGAGAAGC 
GCGTGCTTCAATTCCIAGGGAAGAACAGAAGCCAAAGTGAATTCA 

PPTPAPAAPATAAATPTPAATARPPAARPAT 
1 WAoAAOA 1 AAA 1 \j 1 L>AA 1 nUbbnnUon 1 


6121 


ATGCTTGGCTATTGAGATTTATCTTCTGAGGTGAATTCACTTTGGCT 
TCTGTTCTTCCCTAGGAATTGAAGCACGCGCTTCTCGACACCACAT 
AARAPPPPRTPAPPRTTRPPATTPTRTfi 


6122 


TCAATTCCTAGGGAAGA 


6123 


TCTTCCCTAGGAATTGA 


6124 


Waxy starch 
GBSS 

ooianum luoerosum 

SerTTerm 

TCA-TGA 


TGTAGCTTGGTAGATTCCCCTTTTTGTAGACCACACATCACATGGC 
AAGCATCACAGCTTGACACCACTTTGTGTCAAGAAGCCAAACTTCA 

PTARAPAPPAAATPAAPPTTRTPAPARAT 

L» 1 AVjAWA^V/AAA 1 VyAAOU 1 1 O 1 VvAOAOA 1 


6125 


ATCTGTGACMGGTTGATTTGGTGTCTAGTGAAGTTTGGCTTCTTG 
ACACAAAGTGGTGTCAAGCTGTGATGCTTGCCATGTGATGTGTGG 

TPTAPAAAAAftftftftAATfTArrAAftPTArA 
1 O I MOMHMMMOOOVJMM 1 \s I nOvnnOv 1 MOM 


6126 


CACAGCTTGACACCACT 


6127 


AGTGGTGTCAAGCTGTG 


6128 


Waxy starch 
GBSS 

Solanum tuberosum 

Ser12Term 

TCA-TGA 


TCCCCTTTTTGTAGACCACACATCACATGGCAAGCATCACAGCTTC 
ACACCACTTTGTGTGAAGAAGCCAAACTTCACTAGACACCAAATCA 
ACCnGTCACAGATAGGACTCAGGAACCA 


6129 . 


TGGTTCCTGAGTCCTATCTGTGACAAGGTTGATTTGGTGTCTAGTG 
AAGTTTGGCTTCTTCACACAAAGTGGTGTGAAGCTGTGATGCTTGC 
CATGTGATGTGTGGTCTACAAAAAGGGGA 


6130 
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CTTTGTGTGAAGAAGCC 


6131 


GGCTTCTTCACACAAAG 


6132 


Waxy starch 
GBSS 

Solanum tuberosum 

Arg13Term 

AGA-TGA 


CCCTTTTTGTAGACCACACATCACATGGCAAGCATCACAGCTTCAC 
ACCACTTTGTGTCATGAAGCCAAACTTCACTAGACACCAAATCAAC 
CTTGTCACAGATAGGACTCAGGAACCATA 


6133 


TATGGTTCCTGAGTCCTATCTGTGACAAGGTTGATTTGGTGTCTAG 
TGAAGTTTGGCTTCATGACACAAAGTGGTGTGAAGCTGTGATGCTT 
GCCATGTGATGTGTGGTCTACAAAAAGGG 


6134 


TTGTGTCATGAAGCCAA 


6135 


TTGGCTTCATGACACAA 


6136 


Waxy starch 
GBSS 

Solanum tuberosum 

Gln15Term 

CAA-TAA 


TTGTAGACCACACATCACATGGCAAGCATCACAGCTTCACACCACT 

TTGTGTCAAGAAGCTAAACTTCACTAGACACCAAATCAACCTTGTC 

ACAGATAGGACTCAGGAACCATACTCTGA 


6137 


TCAGAGTATGGTTCCTGAGTCCTATCTGTGACAAGGTTGATTTGGT 
GTCTAGTGAAGTTTAGCTTCTTGACACAAAGTGGTGTGMGCTGTG 
ATGCTTGCCATGTGATGTGTGGTCTACAA 


6138 


CAAGAAGCIAAACTTCA 


6139 


TGAAGTTTAGCTTCTTG 


6140 


Waxy starch 
GBSS 

Solanum tuberosum 

Ser17Term 

TCA-TGA 


CCACACATCACATGGCAAGCATCACAGCTTCACACCACTTTGTGTC 
MGAAGCCAAACTTGACTAGACACCAAATCAACCTTGTCACAGATA 
GGACTCAGGAACCATACTCTGACTCACAA 


6141 


TTGTGAGTCAGAGTATGGTTCCTGAGTCCTATCTGTGACAAGGTTG 
ATTTGGTGTCTAGTCAAGTTTGGCTTCTTGACACAAAGTGGTGTGA 
AGCTGTGATGCTTGCCATGTGATGTGTGG 


6142 


CCAAACTTGACTAGACA 


6143 


TGTCTAGTCAAGTTTGG 


6144 


Waxy starch 
GBSS 

Pisum sativum 

Gly6Term 

GGA-TGA 


GTCGATCACTCTTCTCTCACCGCCGAAACAGATTTTGACACAAAAA 
TGGCAACAATAACGIGATCTTCAATGCCGACGAGAACCGCGTGCT 
TCAATTACCAAGGAAGATCAGCAGAGTCTA 


6145 


TAGACTCTGCTGATCTTCCTTGGTMTTGMGCACGCGGTTCTCGT 

CGGCATTGMGATCACGnATTGTTGCCATTTTTGTGTCAAAATCT 

GTTTCGGCGGTGAGAGAAGAGTGATCGAC 


6146 


CAATAACGTGATCTTCA 


6147 


TGAAGATCACGTTATTG 


6148 
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Waxy starch 
GBSS 

rlSUiu SallvUul 

Ser8Term 
TCA-TGA 


ACTCTTCTCTCACCGCCGAAACAGATTTTGACACAAAAATGGCAAC 
AATAACGGGATCTTGAATGCCGACGAGAACCGCGTGCTTCAATTA 

PPAAftnAAftATPAftPAftAftTPTAAAPTftAA 


6149 


TTCAGTTTAGACTCTGCTGATCTTCCTTGGTAATTGAAGCACGCGG 
TTCTCGTCGGC ATTCAAGATCCCGTTATTGTTGCC A 1 1 1 1 IGTGTC 


6150 


GGGATCTTGAATGCCGA 


6151 


TCGGCATTCAAGATCCC 


6152 


Waxy starch 
GBSS 

rioUUI vtallVUUI 

Arg12Term 
AGA-TGA 


ACCGCCGAAACAGA7TTTGACACAAAAATGGCAACAATAACGGGAT 

CTTCAATGCCGACGTGAACCGCGTGCTTCAATTACCAAGGAAGAT 

rAfirAf?AfiTrTAAArTf?AATTTftrrTrAP5A 


6153 


TCTGAGGCAAATTCAGTTTAGACTCTGCTGATCnCCTTGGTAATT 
GAAGCACGCGGTTCACGTCGGCATTGAAGATCCCGTTATTGTTGC 
PA I I 1 1 rfiTfiTrAAAATrTftTTTPRftnRRT 


6154 


TGCCGACGIGAACCGCG 


6155 


CGCGGTTCACGTCGGCA 


6156 


Waxy starch 
GBSS 

rISUm SduVUiu 

Cys15Term 
TGC-TGA 


AGATTTTGACACAAAAATGGCAACAATAACGGGATCTTCAATGCCG 
ACGAGMCCGCGTGATTCAATTACCAAGGAAGATCAGCAGAGTCT 

AAAPTCAATTTftPPTPAftATAPAPTTPAAT 


6157 


ATTGAAGTGTATCTGAGGCAAATTCAGTTTAGACTCTGCTGATCTT 
CCTTGGTAATTGAAICACGCGGTTCTCGTCGGCATTGAAGATCCC 

fyTTATTfTTTfcPPA 1 1 1 1 1 fYTYyTPAAAATPT 


6158 


ACCGCGTGATTCMTTA 


6159 


TAATTGAATCACGCGGT 


j 6160 


Waxy starch 
GBSS 

rlSUui SdUVUlTi 

Tyr18Term 
TAC-TAG 


CACAAAAATGGCAACAATAACGGGATCTTCAATGCCGACGAGAAC 
CGCGTGCTTCAATTAGCAAGGAAGATCAGCAGAGTCTAAACTGAAT 

TTfiPPTPAftATAPAPTTPAATAAPAAPPAA 


6161 


TTGGTTGTTATTGAAGTGTATCTGAGGCAAATTCAGTTTAGACTCTG 
CTGATCTTCCTTGCTAATTGAAGCACGCGGTTCTCGTCGGCATTGA 

APATPPPfiTTATTrTrTfiPPATTTTTf5Tf5 


6162 


TTCAATTAGCAAGGAAG 


6163 


CTTCCTTGCTAATTGAA 


6164 


Waxy starch 
GBSS 

ManiM esculents 

Ser14Term 

TCA-TGA 


TCTACACCGGAGAGAGCACCATGGCAACTGTAATAGCTGCACATT 

TCGTTTCCAGGAGCTGACACTTGAGCATCCATGCATTAGAGACTAA 

GGCTAATAATTTGTCTCACACTGGACCCTG 


6165 


CAGGGTCCAGTGTGAGACAAATTATTAGCCTTAGTCTCTAATGCAT 
GGATGCTCAAGTGTCAGCTCCTGGAAACGAAATGTGCAGCTATTA 
CAGTTGCCATGGTGCTCTCTCCGGTGTAGA 


6166 
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CAGGAGCTGACACTTGA 


6167 


TCAAGTGTCAGCTCCTG 


6168 


Waxy starch 
GBSS 

ManinOl 6SCUI6nia 

Leu16Term 
TTG-TAG 


CCGGAGAGAGCACCATGGCAACTGTAATAGCTGCACATTTCGTTT 
CCAGGAGCTCACACTAGAGCATCCATGCATTAGAGACTAAGGCTA 

M 1 nrt 1 1 lull/1 L»r\L>MVj 1 OUnLivO 1 UVjrHywOtt 


6169 


TGGGTCCAGGGTCCAGTGTGAGACAAATTATTAGCCTTAGTCTCTA 
ATGCATGGATGCTCTAGTGTGAGCTCCTGGAAACGAAATGTGCAG 

^TATTA^A^TTr;r > PAT^3f5Tf5PTPTr , TPrr5r5 


6170 


CTCACACTAGAGCATCC 


6171 


GGATGCTCTAGTGTGAG 


6172 


Waxy starch 
GBSS 

fVlBninOt BSCUIGnia 

Leu21Term 
TTA-TGA 


TGGCAACTGTAATAGCTGCACATTTCGTTTCCAGGAGCTCACACTT 
GAGCATCCATGCATGAGAGACTAAGGCTAATAATTTGTCTCACACT 
a nnrrfzc* a rrr a a apt atp a ptppp a a 


6173 


TTGGGAGTGATAGTTTGGGTCCAGGGTCCAGTGTGAGACAAATTA 
TTAGCCTTAGTCTCTCATGCATGGATGCTCAAGTGTGAGCTCCTGG 

A A APf2 A A ATfTn^PAftPTATTAPAftTTf^PP A 


6174 


CCATGCATGAGAGACTA 


6175 


TAGTCTCTCATGCATGG 


6176 


Waxy starch 
GBSS 

mauluOl GSCUl&nia 

Glu22Term 
GAG-TAG 


GCAACTGTAATAGCTGCACATTTCGTTTCCAGGAGCTCACACTTGA 

GCATCCATGCATTAIAGACTAAGGCTAATAATTTGTCTCACACTGG 

AppPTfifiAPPPAAAPTATPAPTPPPAATfi 


6177 


CATTGGGAGTGATAGTTTGGGTCCAGGGTCCAGTGTGAGACAAAT 
TATTAGCCTTAGTCTATAATGCATGGATGCTCAAGTGTGAGCTCCT 

nPAAAPr^AAAT^TrtrArSPTATTAr'ARTTrir 


6178 


ATGCATTAIAGACTAAG 


6179 


CTTAGTCTATAATGCAT 


6180 


Waxy starch 
GBSS 

Manihot esculents 

Lys24Term 

AAG-TAG 


GTAATAGCTGCACATTTCGTTTCCAGGAGCTCACACTTGAGCATCC 
ATGCATTAGAGACTTAGGCTAATAATTTGTCTCACACTGGACCCTG 

PAPP^A A Ar'TATP APTYVVA ATYVTTTA A 

uAuLrUAAAO 1 A 1 LAU 1 OL.OAA 1 1 1 1 AA 


6181 


TTAAACCATTGGGAGTGATAGTTTGGGTCCAGGGTCCAGTGTGAG 
ACAAATTATTAGCCTAAGTCTCTAATGCATGGATGCTCAAGTGTGA 
GCTCCTGGAAACGAAATGTGCAGCTATTAC 


6182 


TAGAGACTTAGGCTAAT 


6183 


ATTAGCCTAAGTCTCTA 


6184 
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Waxy starch 
GBSS 

Phaseolus vulo&ris 

Ser12Term 

TCA-TGA 


ACAACTCCTCCGTCACCGGTATAAGCATGGCAACGGTATCGATGG 
CATCGTGCGTGGCGTGAAAAGGCGCGTGGAGTACAGAGACAAAA 
GTGAAATCTTCGGGTCAGATGAGCCTGAACCG 

x^ t x^# w u \ i i i x^ x^ x^x^ i xy / »x^# » i x^« %x** xy xy v x^# w »x* x^ x^ 


6185 


CGGnCAGGCTCATCTGACCCGMGATTTCACTTTTGTCTCTGTAC 
TCCACGCGCCTTTTCACGCCACGCACGATGCCATCGATACCGTTG 
CCATGCTTATACCGGTGACGGAGGAGTTGT 


6186 


CGTGGCGTGAAAAGGCG 


6187 


CGCCTTTTCACGCCACG 


6188 


Waxy starch 
GBSS 

Phaseolus vuloaris 

Trp16Term 

TGG-TGA 


CACCGGTATAAGCATGGCAACGGTATeGATGGCATCGTGCGTGGC 
GTCAAAAGGCGCGTGAAGTACAGAGACAAAAGTGAAATCTTCGGG 
TCAGATGAGCCTGAACCGTCATGMTTGAAA 

1 X^f IX^/ \ 1 X^# %X^ Xy X^ 1 Xp^f W ( W \r I X^# * I X^# If % I • X^# WW* 


6189 


TTTCAATTCATGACGGTTCAGGCTCATCTGACCCGAAGATTTCACT 
TTTGTCTCTGTACTTCACGCGCCTTTTGACGCCACGCACGATGCC 
ATCGATACCGTTGCCATGCTTATACCGGTG 


6190 


GGCGCGTGAAGTACAGA 


6191 


TCTGTACTTCACGCGCC 


6192 


Waxy starch 
GBSS 

Phnspnhis x/iiln&ris 
rifcidvw/ud vujy h/ io 

Glu19Term 
GAG-TAG 


ATAAGCATGGCAACGGTATCGATGGCATCGTGCGTGGCGTCAAAA 
GGCGCGTGGAGTACAIAGACAAAAGTGAAATCTTCGGGTCAGATG 
AGCCTGAACCGTCATGAATTGAAATACGATG 


6193 


CATCGTATTTCAATTCATGACGGTTCAGGCTCATCTGACCCGAAGA 
TTTCACTTnGTCTATGTACTCCACGCGCCTTTTGACGCCACGCAC 
GATGCCATCGATACCGTTGCCATGCTTAT 

\ 1 \^ ^y x/ 1 » 1 X^ Xy • 1 » 1 X^ X^ X^ 1 1 X^ X^ X^# I 1 X^ ■ 1 t i 1 


6194 


GGAGTACAIAGACAAAA 


6195 


IIIIGICIAIGIACICC 


6196 


Waxy starch 
GBSS 

Lys21Term 
AAA-TAA 


ATGGCAACGGTATCGATGGCATCGTGCGTGGCGTCAAAAGGCGC 
GTGGAGTACAGAGACAIAAGTGAAATCTTCGGGTCAGATGAGCCT 
GAACCGTCATGAATTGAAATACGATGGGTTGA 

XX#V/X Vy \y \^ | ^y # 1 I X^i V 1 1 1 Wl V V \ 1 f » X^ / 1 1 X^ X^ X^ 1 1 X^ # • 


6197 


TCAACCCATCGTATTTCAATTCATGACGGTTCAGGCTCATCTGACC 
CGMGATnCACTTATGTCTCTGTACTCCACGCGCCTTTTGACGCC 
ACGCACGATGCCATCGATACCGTTGCCAT 

I \\j v»» \_// \ v_/ V-^/ \ ■ xy xy / \ i xy vi in »x^ x^ x^ i i x^ » • 


6198 


CAGAGACATAAGTGAAA 


6199 


TTTCACTTATGTCTCTG 


6200 


Waxy starch 
GBSS 

Phaseolus vulgaris 

Lys23Term 

AAA-TAA 


ACGGTATCGATGGCATCGTGCGTGGCGTCAAAAGGCGCGTGGAG 
TACAGAGACAAAAGTGTAATCTTCGGGTCAGATGAGCCTGAACCG 
TCATGAATTGAAATACGATGGGTTGAGATCTC 


6201 


GAGATCTCAACCCATCGTATTTCAATTCATGACGGTTCAGGCTCAT 
CTGACCCGMGATTACACTTTTGTCTCTGTACTCCACGCGCCTTTT 
GACGCCACGCACGATGCCATCGATACCGT . 


6202 
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CAAAAGTGIAATCTTCG 


6203 


CGAAGATTACACTTTTG 


6204 


Waxy starch 
GBSS 

Triticum aestivum 

Tyr7Term 

TAT-TAG 


GCGCCTAGCTCGAAAAGGTCGTCATTGAGAGGCTGCACCAATGG 

_ -i A _ ^a. . - . v_a> mmmM ■ ■ a aja/k AAA AAA A «\aat/aaaaa» A Aaaaaa A M 

GTTCCATTCCTAATTAGTGTTCTTATCAAACAAACAGTGTTGGTTCA 
CTGAAACTGTCGCCTCACATCCAATTCCAG 


6205 


CTGGAATTGGATGTGAGGCGACAGTTTCAGTGAACCAACACTGTTT 
GTTTGATAAGAACACTMTTAGGAATGGAACCCATTGGTGCAGCCT 
CTCAATGACGACC 1 1 1 1 CGAGCTAGGCGC 


6206 


CCTAATTAGTGTTCTTA 


6207 


TAAGAACACTAATTAGG 


6208 


Waxy starch 
GBSS 

Triticum sestivum 

Cys8Term 

TGT-TGA 


CCTAGCTCGAAAAGGTCGTCATTGAGAGGCTGCACCAATGGGTTC 
CATTCCTAATTATTGATCTTATCAAACAAACAGTGTTGGTTCACTGA 
AACTGTCGCCTCACATCCAATTCCAGCAA 


6209 


TTGCTGGAATTGGATGTGAGGCGACAGTTTCAGTGAACCAACACT 
GTTTGTTTGATAAGAICAATAATTAGGMTGGAACCCATTGGTGCA 
GCCTCTCAATGACGACCTTTTCGAGCTAGG 


6210 


AATTATTGATCTTATCA 


6211 


TGATAAGAICAATAATT 


6212 | 


Waxy starch 
GBSS 

Triticum sesth/um 

TyrlOTerm 

TAT-TAG 


TCGAAAAGGTCGTCATTGAGAGGCTGCACCAATGGGTTCCATTCC 
TAATTATTGTTCTTAGCAAACAAACAGTGTTGGTTCACTGAAACTGT 
CGCCTCACATCCAATTCCAGCAATCTTGT 


6213 j 


ACAAGATTGCTGGAATTGGATGTGAGGCGACAGTTTCAGTGAACC 
MCACTGTTTGTTTGCTAAGAACMTAATTAGGAATGGAACCCATT 
GGTGCAGCCTCTCAATGACGACCTTTTCGA 


6214 


TGTTCTTAGCAAACAAA 


6215 


TTTGTTTGCTAAGAACA 


6216 


Waxy starch 
GBSS 

Triticum apsth/iim 

iiiuksUiii avsoiivuiii 

Gln11Term 
CAA-TAA 


CGAAAAGGTCGTCATTGAGAGGCTGCACCAATGGGTTCCATTCCT 
MTTATTGTTCTTATrAAACAAACAGTGTTGGTTCACTGAAACTGTC 
GCCTCACATCCAATTCCAGCAATCTTGTA 


6217 


TACAAGATTGCTGGAATTGGATGTGAGGCGACAGTTTCAGTGAAC 

CAACACTGTTTGTTTAATAAGAACAATAATTAGGAATGGAACCCATT 

GGTGCAGCCTCTCAATGACGACCTTTTCG 


6218 


GTTCTTATTAAACAAAC 


6219 


GTTTGTTTAATAAGAAC 


6220 
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Waxy starch 
GBSS 

Tritirjjm aestivum 

Ser17Term 

TCA-TGA 


AGGCTGCACCAATGGGTTCCATTCCTAATTATTGTTCTTATCAAACA 
AACAGTGTTGGTTGACTGAAACTGTCGCCTCACATCCAATTCCAGC 
AATCTTGTAACAATGAAGTTATGTTCCT 


6221 


AGGAACATAACTTCATTGTTACAAGATTGCTGGAATTGGATGTGAG 
GCGACAGTTTCAGTCMCCMCACTGTTTGTTTGATAAGAACAATA 
ATTAGGAATGGAACCCATTGGTGCAGCCT 

t\ I i fiwwiu \ i v^/ w \ xy \st \ i i x^ x^ i x^ x^# »x^ x^ x^ » 


6222 


TGTTGGTTGACTGAAAC 


6223 


GTTTCAGTCAACCAACA 


6224 


Waxy starch 
GBSS 

Tiffin im apsiivum 

Gln28Term 
CAG-TAG 


CAGCTCGCCACCTCCGGCACCGTCCTCGGCATCACCGACAGGTT 
CCGGCGTGCAGGTTTCIAGGGCGTGAGGCCCCGGAGCCCGGCG 
GATGCGGCTCTCGGCATGAGGACCGTCGGAGCTA 


6225 


TAGCTCCGACGGTCCTCATGCCGAGAGCCGCATCCGCCGGGCTC 
CGGGGCCTCACGCCCTAGAAACCTGCACGCCGGAACCTGTCGGT 
GATGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 


6226 


CAGGTTTCTAGGGCGTG 


6227 


CACGCCCTAGAAACCTG 


6228 


Waxy starch 
GBSS 

Trifirum AP$th/iim 

Gly46Term 
GGA-TGA 


GGTTTCCAGGGCGTGAGGCCCCGGAGCCCGGCGGATGCGGCTC 
TCGGCATGAGGACCGTCIGAGCTAGCGCCGCCCCAACGCAAAGC 
CGGAAAGCGCACCGCGGGACCCGGCGGTGCCTCT 


6229 


AGAGGCACCGCCGGGTCCCGCGGTGCGCTTTCCGGCTTTGCGTT 
GGGGCGGCGCTAGCTCAGACGGTCCTCATGCCGAGAGCCGCATC 
CGCCGGGCTCCGGGGCCTCACGCCCTGGAAACC 


6230 


GGACCGTCIGAGCTAGC 


6231 


GCTAGCTCAGACGGTCC 


6232 


Waxy starch 
GBSS 

Triiicum aps/A/iym 

Gln53Term 
CAA-TAA 


CGGAGCCCGGCGGATGCGGCTCTCGGCATGAGGACCGTCGGAG 

CTAGCGCCGCCCCAACGTAAAGCCGGAAAGCGCACCGCGGGACC 

CGGCGGTGCCTCTCCATGGTGGTGCGCGCCACCG 


6233 


CGGTGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCG 
GTGCGCTTTCCGGCTTTACGTTGGGGCGGCGCTAGCTCCGACGG 
TCCTCATGCCGAGAGCCGCATCCGCCGGGCTCCG 


6234 


CCCCAACGTAAAGCCGG 


6235 


CCGGCTTTACGTTGGGG 


6236 


Waxy starch 
GBSS 

Triticum aestivum 

Lys56Term 

AAA-TM 


GCGGATGCGGCTCTCGGCATGAGGACCGTCGGAGCTAGCGCCG 
CCCCAACGCAAAGCCGGTAAGCGCACCGCGGGACCCGGCGGTG 
CCTCTCCATGGTGGTGCGCGCCACCGGCAGCGGCG 


6237 


CGCCGCTGCCGGTGGCGCGCACCACCATGGAGAGGCACCGCCG 

GGTCCCGCGGTGCGCTTACCGGCTTTGCGTTGGGGCGGCGCTAG 

CTCCGACGGTCCTCATGCCGAGAGCCGCATCCGC 


6238 
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AAAGCCGGIAAGCGCAC 


6239 


GTGCGCTTACCGGCTTT 


6240 


Waxy starch 
GBSS 

HlUiuUlu a&dUvUlii 

Glu85Term 
GAG-TAG 


CTCTCCATGGTGGTGCGCGCCACCGGCAGCGGCGGCATGMCCT 
CGTGTTCGTCGGCGCCTAGATGGCGCCCTGGAGCAAGACCGGCG 
GCCTCGGCGACGTCCTCGGGGGCCTCCCOCGAG 


6241 


CTGGGGGGAGGCCCCCGAGGACGTCGCCGAGGCCGCCGGTCTT 
GCTCCAGGGCGCCATCTAGGCGCCGACGAACACGAGGTTCATGC 
CGCCGCTGCCGGTGGCGCGCACCACCATGbAbAG 


6242 


TCGGCGCCTAGATGGCG 


6243 


CGCCATCTAGGCGCCGA 


6244 


Waxy starch 
GBSS 

lilllLUIII aVoUVUIII 

Gln8Term 
CAG-TAG 


GTCGTCTCTCGCTGCAGGTAGCCACACCCTGCGCGCGCGATGGC 
GGCTCTGGTCACGTCGJAGCTCGCCACCTCCGGCACCGTCCTCG 
GCATCACCGACAGGTTCCGGCGTGCAGG 1 1 1 1 C 


6245 


GAAAACCTGCACGCCGGAACCTGTCGGTGATGCCGAGGACGGTG 
CCGGAGGTGGCGAGCTACGACGTGACCAGAGCCGCCATCGCGC 
GCGCAGGGTGTGGCTACCTGCAGCGAGAGACGAC 


6246 


TCACGTCGTAGCTCGCC 


6247 


GGCGAGCTACGACGTGA 


6248 


Waxy starch 
GBSS 

r IIULUlll a&oUVUi!i 

Gln28Term 
CAG-TAG 


CAGCTCGCCACCTCCGGCACCGTCCTCGGCATCACCGACAGGTT 
CCGGCGTGCAGGI 1 1 1 TAGGGTGTGAGGCCCCGGAGCCCGGCAG 
ATGCGCCGCTCGGCATGAGGACTACCGGAGCGA 


6249 


TCGCTCCGGTAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCTC 
CGGGGCCTCACACCCTAAAAACCTGCACGCCGGAACCTGTCGGT 
GATGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 


6250 


CAGGTTTTTAGGGTGTG 


6251 


CACACCCTAAAAACCTG 


6252 


Waxy starch 
GBSS 

/ nucum aesuvu/n 

Lys52Term 

AAG-TAG 


CCCCGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCG 
GAGCGAGCGCCGCCCCGTAGCAACAAAGCCGGAAAGCGCACCG 
CGGGACCCGGCGGTGCCTCTCCATGGTGGTGCGCG 


6253 


CGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCGGTGCGC 
TTTCCGGCTTTGTTGCTACGGGGCGGCGCTCGCTCCGGTAGTCC 
TCATGCCGAGCGGCGCATCTGCCGGGCTCCGGGG 


6254 


CCGCCCCGIAGCAACAA 


6255 


TTGTTGCTACGGGGCGG 


6256 
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Waxy starch 
GBSS 

/ niicum auSuvum 


CGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCGGAG 
CGAGCGCCGCCCCGAAGIAACAAAGCCGGAAAGCGCACCGCGG 

bAOLrLrbbObb 1 buu 1 U 1 OOA 1 bb 1 bo 1 bbbbboOA 


6257 


Gln53Term 
CAA-TAA 


TGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCGGTG 

CGCTTTCCGGCTTTGTTACTTCGGGGCGGCGCTCGCTCCGGTAG 
TPPTPATftPPnAftPftftpftPATPTCPPftfifiPTPPn 

1 1 v/M 1 bLrObMbObbO bl»n 1 U 1 bLrV^bbbO 1 UUO 


6258 




CCCCGAAGIAACAAAGC 


6259 




GCTTTGTTACTTCGGGG 


6260 


Waxy starch 
GBSS 

inuLUfu auSuvurn 


AGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCGGAGCGA 
GCGCCGCCCCGAAGCAATAAAGCCGGAAAGCGCACCGCGGGAC 

Ovbbbbb \ kjKjKj 1 \j 1 \j\jf\ \ bb I bb 1 oOuOouUnUoo 


6261 


Gln54Term 
CAA-TAA 


CCGTGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCG 

GTGCGCTTTCCGGCTTTATTGCTTCGGGGCGGCGCTCGCTCCGG 
TAfTrppTPATftppftAftpPiftpftPATPTfiPPfSf^PT 


6262 




CGAAGCAATAAAGCCGG 


6263 




CCGGCTTTATTGCTTCG 


6264 


Waxy starch 
GBSS 

/ nucuni ourum 


CAGCTCGCCACCTCCGGCACCGTCCTCGGCATCACCGACAGGTT 
CCGGCGTGCAGGTTTCIAGGGCGTGAGGCCCCGGAACCCGGCG 

r 1 ATPPPPPPPTPPTPATOAPr'APTATPPPAPPr^A 

bA 1 bLrbbLrOO 1 Ub 1 OA 1 bAbbAv 1 A 1 ObbAbObA 


6265 


Gln28Term 
CAG-TAG 


TCGCTCCGATAGTCCTCATGACGAGGGCCGCATCCGCCGGGTTC 
CGGGGCCTCACGCCCTAGAAACCTGCACGCCGGAACCTGTCGGT 

^ATr5PPnA^r5AP^rSTr5PPrir5A^^T^^Pr5Ar5PTr2 
bA 1 bubbAbbAObb 1 bbUbbAbb 1 bbObAbO 1 b 


6266 




CAGGTTTCTAGGGCGTG 


6267 




CACGCCCTAGAAACCTG 


6268 


Waxy starch 
GBSS 

/ nucuin Quium 


CCCCGGAACCCGGCGGATGCGGCCCTCGTCATGAGGACTATCGG 
AGCGAGCGCCGCCCCGIAGCAAAGCCGGAAAGCGCACCGCGGG 

Af2PPft^PftfTrnPPTPTPPATftrnY2CTf2Pf2PftPPA 
AbULrbbObb 1 bULr 1 Lr 1 UUA 1 bb 1 bb 1 bLrbubUL/A 


6269 


Lys52Term 
AAG-TAG 


TGGCGCGCACCACCATGGAGAGGCACCGCCGGCTCCCGCGGTG 
CGCTTTCCGGCTTTGCTACGGGGCGGCGCTCGCTCCGATAGTCC 

TPATriAPf5A^^^PP^PATPPr5PPOr5^TTPP^ri^^ 
1 OA I bAUbAbbbOObOA 1 OLfbOObbb I 1 OObbbb 


6270 




CCGCCCCGIAGCAAAGC 


6271 




GCTTTGCTACGGGGCGG 


6272 


Waxy starch 
GBSS 

Triticum durum 


CGGAACCCGGCGGATGCGGCCCTCGTCATGAGGACTATCGGAGC 

GAGCGCCGCCCCGAAGTAAAGCCGGAAAGCGCACCGCGGGAGC 

CGGCGGTGCCTCTCCATGGTGGTGCGCGCCACGG 


6273 


Gln53Term 
CAA-TAA 


CCGTGGCGCGCACCACCATGGAGAGGCACCGCCGGCTCCCGCG 
GTGCGCTTTCCGGCTTTACTTCGGGGCGGCGCTCGCTCCGATAG 
TCCTCATGACGAGGGCCGCATCCGCCGGGTTCCG 


6274 
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CCCCGAAGIAAAGCCGG 


6275 


CCGGCTTTACTTCGGGG 


6276 


Waxy starch 
GBSS 

Triticum durum 

Lys56Term 

AAA-TAA 


GCGGATGCGGCCCTCGTCATGAGGACTATCGGAGCGAGCGCCGC 

CCCGAAGCAAAGCCGGTAAGCGCACCGCGGGAGCCGGCGGTGC 

CTCTCCATGGTGGTGCGCGCCACGGGCAGCGGCG 


6277 


CGCCGCTGCCCGTGGCGCGCACCACCATGGAGAGGCACCGCCG 

GCTCCCGCGGTGCGCTTACCGGCTTTGCTTCGGGGCGGCGCTCG 

CTCCGATAGTCCTCATGACGAGGGCCGCATCCGC 


6278 


AAAGCCGGJAAGCGCAC 


6279 


GTGCGCTTACCGGCTTT 


6280 


Waxy starch 
GBSS 

Triticum durum 

Cys64Term 
TGC-TGA 


TATCGGAGCGAGCGCCGCCCCGAAGCAAAGCCGGAAAGCGCACC 
GCGGGAGCCGGCGGTGACTCTCCATGGTGGTGCGCGCCACGGG 
CAGCGGCGGCATGAACCTCGTGTTCGTCGGCGCC 


6281 


GGCGCCGACGAACACGAGGTTCATGCCGCCGCTGCCCGTGGCG 

CGCACCACCATGGAGAGICACCGCCGGCTCCCGCGGTGCGCTTT 

CCGGCTTTGCTTCGGGGCGGCGCTCGCTCCGATA 


6282 


CGGCGGTGACTCTCCAT 


6283 


ATGGAGAGTCACCGCCG 


6284 


Waxy starch 
GBSS 

Triticum tumidum 

Gln28Term 
CAG-TAG 


CAGCTCGCCACCTCCGGCACCGTCCTCGGCATCACCGACAGGTT 
CCGGCGTGCAGGI 1 1 MAGGGTGTGAGGCCCCGGAGCCCGGCAG 
ATGCGCCGCTCGGCATGAGGACTACCGGAGCGA 


6285 


TCGCTCCGGTAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCTC 
CGGGGCCTCACACCCTAAAAACCTGCACGCCGGAACCTGTCGGT 
GATGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 


6286 


CAGGI 1 1 I1AGGGIGIG 


6287 


CACACCCTAAAAACCTG 


6288 


Waxy starch 
GBSS 

Triticum tumidum 

Lys52Term 
AAG-TAG 


CCCCGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCG 
GAGCGAGCGCCGCCCCGTAGCAACAAAGCCGGAAAGCGCACCG 
CGGGACCCGGCGGTGCCTCTCCATGGTGGTGCGCG 


6289 


CGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCGGTGCGC 
TTTCCGGCTTTGTTGCTACGGGGCGGCGCTCGCTCCGGTAGTCC 
TCATGCCGAGCGGCGCATCTGCCGGGCTCCGGGG 


6290 


CCGCCCCGIAGCAACAA 


6291 


TTGTTGCTACGGGGCGG 


6292 
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Waxy starch 
GBSS 

Triticum turgidum 

Gln53Term 

CAA-TAA 


CGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCGGAG 
CGAGCGCCGCCCCGAAGTAACAAAGCCGGAMGCGCACCGCGG 
GACCCGGCGGTGCCTCTCCATGGTGGTGCGCGCCA 


6293 


TGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCGGTG 
CGCTTTCCGGCTTTGTTACTTCGGGGCGGCGCTCGCTCCGGTAG 
TCCTCATGCCGAGCGGCGCATCTGCCGGGCTCCG 


6294 


CCCCGAAGTAACAAAGC 


6295 


GCTTTGTTACTTCGGGG 


6296 


Waxy starch 
GBSS 

Triticum turaidum 

9 9 9 UVMI ■ * A%»* • \0 9 J 9 

Gln54Term 
CAA-TAA 


AGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCGGAGCGA 
GCGCCGCCCCGAAGCAATAAAGCCGGAAAGCGCACCGCGGGAC 
CCGGCGGTGCCTCTCCATGGTGGTGCGCGCCACGG 


6297 


CCGTGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCG 
GTGCGCTTTCCGGCTTTATTGCTTCGGGGCGGCGCTCGCTCCGG 
TAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCT 


6298 


CGAAGCAATAAAGCCGG 


6299 


CCGGCTTTATTGCTTCG 


6300 


Waxy starch 
GBSS 

Triticum turoidum 

$99 if VM 999 IVI* Jji MM / » » 

Lys57Term 
AAA-TAA 


GATGCGCCGCTCGGCATGAGGACTACCGGAGCGAGCGCCGCCC 
CGAAGCAACAAAGCCGGTAAGCGCACCGCGGGACCCGGCGGTG 
CCTCTCCATGGTGGTGCGCGCCACGGGCAGCGCCG 


6301 


CGGCGCTGCCCGTGGCGCGCACCACCATGGAGAGGCACCGCCG 
GGTCCCGCGGTGCGCTTACCGGCTTTGTTGCTTCGGGGCGGCGC 
TCGCTCCGGTAGTCCTCATGCCGAGCGGCGCATC 


6302 


AAAGCCGGTAAGCGCAC 


6303 


GTGCGCTTACCGGCTTT 


6304 


Waxy starch 
GBSS 

AeailoDS speltoides 

Gln28Term 

CAG-TAG 


CAGCTCGCCACCTCCGCCACCGTCCTCGGCATCACCGACAGGTT 

CCGCCATGCAGGTTTCTAGGGCGTGAGGCCCCGGAGCCCGGCAG 

ATGCGCCGCTCGGCATGAGGACTGTCGGAGCGA 


6305 


TCGCTCCGACAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCTC 
CGGGGCCTCACGCCCTAGAAACCTGCATGGCGGAACCTGTCGGT 
GATGCCGAGGACGGTGGCGGAGGTGGCGAGCTG 


6306 


CAGGTTTCJAGGGCGTG 


6307 


CACGCCCTAGAAACCTG 


6308 


Waxy starch 
GBSS 

Aegilops speltoides 

Gly46Term 

GGA-TGA 


GGTTTCCAGGGCGTGAGGCCCCGGAGCCCGGCAGATGCGCCGC 
TCGGCATGAGGACTGTCTGAGCGAGCGCCGCCCCGAAGCAACAA 
AGCCGGAAAGCGCACCGCGGGACCCGGCGGTGCC 


6309 


GGCACCGCCGGGTCCCGCGGTGCGCTTTCCGGCTTTGTTGCTTC 
GGGGCGGCGCTCGCTCAGACAGTCCTCATGCCGAGCGGCGCAT 
CTGCCGGGCTCCGGGGCCTCACGCCCTGGAMCC 


6310 
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GGACTGTCJGAGCGAGC 


6311 


GCTCGCTCAGACAGTCC 


6312 


Waxy starch 
GBSS 

Aeailoos soettoides 

Lys52Term 

AAG-TAG 


CCCCGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTGTCG 
GAGCGAGCGCCGCCCCGIAGCAACAAAGCCGGAAAGCGCACCG 
CGGGACCCGGCGGTGCCTCTCGATGGTGGTGCGCG 


6313 


CGCGCACCACCATCGAGAGGCACCGCCGGGTCCCGCGGTGCGC 
TTTCCGGCTTTGTTGCTACGGGGCGGCGCTCGCTCCGACAGTCC 
TCATGCCGAGCGGCGCATCTGCCGGGCTCCGGGG 


6314 


CCGCCCCGIAGCAACAA 


6315 


TTGTTGCTACGGGGCGG 


6316 


Waxy starch 
GBSS 

r\uyiiVjJo ojjutiuiuvo 

Gln53Term 
CAA-TAA 


CGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTGTCGGAG 
CGAGCGCCGCCCCGAAGIAACAAAGCCGGAAAGCGCACCGCGG 
GACCCGGCGGTGCCTCTCGATGGTGGTGCGCGCCA 


6317 


TGGCGCGCACCACCATCGAGAGGCACCGCCGGGTCCCGCGGTG 
CGCTTTCCGGCTTTGTTACTTCGGGGCGGCGCTCGCTCCGACAG 
TCCTCATGCCGAGCGGCGCATCTGCCGGGCTCCG 


6318 


CCCCGAAGTAACAAAGC 


6319 


GCTTTGTTACTTCGGGG 


6320 


Waxy starch 
GBSS 

Gln54Term 
CAA-TAA 


AGCCCGGCAGATGCGCCGCTCGGCATGAGGACTGTCGGAGCGA 
GCGCCGCCCCGAAGCAAIAMGCCGGAAAGCGCACCGCGGGAC 
CCGGCGGTGCCTCTCGATGGTGGTGCGCGCCACCG 


6321 


CGGTGGCGCGCACCACCATCGAGAGGCACCGCCGGGTCCCGCG 
GTGCGCTTTCCGGCTTTATTGCTTCGGGGCGGCGCTCGCTCCGA 
CAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCT 


6322 


CGAAGCAAIAAAGCCGG 


6323 


CCGGCTTTATTGCTTCG 


6324 


Waxy starch 
GBSS 

On/73 nlahpffinna 

Gln8Term 

CAG-TAG 


AGTGCAGAGATCTTCCACAGCAACAGCTAGACAACCACCATGTCG 
GCTCTCACCACGTCCIAGCTCGCCACCTCGGCCACCGGCnCGG 
CATCGCTGACAGGTCGGCGCCGTCGTCGCTGC 

\Jf \ | «m« V 1 lwl *X^X^ 1 %^ X^ X^ 1 X^ X^ ■ X^ X^ X^ ■ X^ 


6325 


GCAGCGACGACGGCGCCGACCTGTCAGCGATGCCGAAGCCGGT 
GGCCGAGGTGGCGAGCTAGGACGTGGTGAGAGCCGACATGGTG 
GTTGTCTAGCTGTTGCTGTGGAAGATCTCTGCACT 


6326 


CCACGTCCIAGCTCGCC 


6327 


GGCGAGCTAGGACGTGG 


6328 
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Waxy starch 
GBSS 


TCCACAGCAACAGCTAGACAACCACCATGTCGGCTCTCACCACGT 
CCCAGCTCGCCACCTAGGCCACCGGCTTCGGCATCGCTGACAGG 
TCGGCGCCGTCGTCGCTGCTCCGCCACGGGTT 


6329 


Ser12Term 
TCG-TAG 


AACCCGTGGCGGAGCAGCGACGACGGCGCCGACCTGTCAGCGAT 

GCCGAAGCCGGTGGCCTAGGTGGCGAGCTGGGACGTGGTGAGA 

GCCGACATGGTGGTTGTCTAGCTGTTGCTGTGGA 


6330 




CGCCACCTAGGCCACCG 


6331 




CGGTGGCCTAGGTGGCG 


6332 


Waxy starch 
GBSS 

r)n/7P n/phprnmp 


CGGCTCTCACCACGTCCCAGCTCGCCACCTCGGCCACCGGCTTC 

GGCATCGCTGACAGGTAGGCGCCGTCGTCGCTGCTCCGCCACGG 

GTTCCAGGGCCTCAAGCCCCGCAGCCCCGCCGG 


6333 


Ser22Term 
TCG-TAG 


CCGGCGGGGCTGCGGGGCTTGAGGCCCTGGAACCCGTGGCGGA 
GCAGCGACGACGGCGCCIACCTGTCAGCGATGCCGAAGCCGGTG 
GCCGAGGTGGCGAGCTGGGACGTGGTGAGAGCCG 


6334 




TGACAGGTAGGCGCCGT 


6335 




ACGGCGCCIACCTGTCA 


6336 


Waxy starch 
GBSS 

On/7 a nlahprrima 

\J\yLKX yiGUUiiUUa 


CCACGTCCCAGCTCGCCACCTCGGCCACCGGCTTCGGCATCGCT 

GACAGGTCGGCGCCGTAGTCGCTGCTCCGCCACGGGTTCCAGG 

GCCTPAAGCCCCGCAGCCCCGCCGGCGGCGACGC 


6337 


Ser25Term 
TCG-TAG . 


GCGTCGCCGCCGGCGGGGCTGCGGGGCTTGAGGCCCTGGAACC 

CGTGGCGGAGCAGCGACIACGGCGCCGACCTGTCAGCGATGCC 

GAAGCCGGTGGCCGAGGTGGCGAGCTGGGACGTGG 


6338 




GGCGCCGTAGTCGCTGC 


6339 




GCAGCGACIACGGCGCC 


6340 


Waxy starch 
GBSS 

D/V7P n/r?hp/77/Tlfl 


CGTCCCAGCTCGCCACCTCGGCCACCGGCTTCGGCATCGCTGAC 
AGGTCGGCGCCGTCGTAGCTGCTCCGCCACGGGTTCCAGGGCCT 
CAAGCCCCGCAGCCCCGCCGGCGGCGACGCGAC 


6341 


Ser26Term 
TCG-TAG 


GTCGCGTCGCCGCCGGCGGGGCTGCGGGGCTTGAGGCCCTGGA 
ACCCGTGGCGGAGCAGCIACGACGGCGCCGACCTGTCAGCGATG 
CCGAAGCCGGTGGCCGAGGTGGCGAGCTGGGACG 


6342 




GCCGTCGTAGCTGCTCC 


6343 




GGAGCAGCIACGACGGC 


6344 


Waxy starch 
GBSS 

Oryza saf/Va 


TCCACAGCAAGAGCTAAACAGCCGACCGTGTGCACCACCATGTCG 

GCTCTCACCACGTCCTAGCTCGCCACCTCGGCCACCGGCTTCGG 

CATCGCCGACAGGTCGGCGCCGTCGTCGCTGC 


6345 


Gln8Term 
CAG-TAG 


GCAGCGACGACGGCGCCGACCTGTCGGCGATGCCGAAGCCGGT 
GGCCGAGGTGGCGAGCTAGGACGTGGTGAGAGCCGACATGGTG 
GTGCACACGGTCGGCTGTTTAGCTCTTGCTGTGGA 


6346 
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CCACGTCCIAGCTCGCC 


6347 


GGCGAGCTAGGACGTGG 


6348 


Waxy starch 
GBSS 

\Jly£.0 oQuva 

Ser12Term 
TCG-TAG 


CTAAACAGCCGACCGTGTGCACCACCATGTCGGCTCTCACCACGT 
CCCAGCTCGCCACCTAGGCCACCGGCTTCGGCATCGCCGACAGG 
TCGGCGCCGTCGTCGCTGCTTCGCCACGGGTT 


6349 


AACCCGTGGCGAAGCAGCGACGACGGCGCCGACCTGTCGGCGAT 

GCCGAAGCCGGTGGCCIAGGTGGCGAGCTGGGACGTGGTGAGA 

GCCGACATGGTGGTGCACACGGTCGGCTGTTTAG 


6350 


CGCCACCTAGGCCACCG 


6351 


CGGTGGCCTAGGTGGCG 


6352 


Waxy starch 
GBSS 

\Jlyca oauva 

Ser22Term 
TCG-TAG 


CGGCTCTCACCACGTCCCAGCTCGCCACCTCGGCCACCGGCTTC 

GGCATCGCCGACAGGTAGGCGCCGTCGTCGCTGCTTCGCCACGG 

GTTCCAGGGCCTCAAGCCCCGTAGCCCAGCCGG 


6353 


CCGGCTGGGCTACGGGGCTTGAGGCCCTGGAACCCGTGGCGAA 
GCAGCGACGACGGCGCCIACCTGTCGGCGATGCCGAAGCCGGT 
GGCCGAGGTGGCGAGCTGGGACGTGGTGAGAGCCG 


6354 


CGACAGGTAGGCGCCGT 


6355 


ACGGCGCCIACCTGTCG 


6356 


Waxy starch 
GBSS 

\J\yLO OQllvu 

Ser25Term 
TCG-TAG 


CCACGTCCCAGCTCGCCACCTCGGCCACCGGCTTCGGCATCGCC 
GACAGGTCGGCGCCGTAGTCGCTGCTTCGCCACGGGTTCCAGGG 
CCTCAAGCCCCGTAGCCCAGCCGGCGGGGACGC 


6357 


GCGTCCCCGCCGGCTGGGCTACGGGGCTTGAGGCCCTGGAACC 
CGTGGCGAAGCAGCGACTACGGCGCCGACCTGTCGGCGATGCC 
GAAGCCGGTGGCCGAGGTGGCGAGCTGGGACGTGG 


6358 


GGCGCCGTAGTCGCTGC 


6359 


GCAGCGACTACGGCGCC 


6360 


Waxy starch 
GBSS 

On/723 Oaf 11/25 

U/yZa Saliva 

Ser26Term 
TCG-TAG 


CGTCCCAGCTCGCCACCTCGGCCACCGGCTTCGGCATCGCCGAC 
AGGTCGGCGCCGTCGTAGCTGCTTCGCCACGGGTTCCAGGGCCT 


6361 


GATGCGTCCCCGCCGGCTGGGCTACGGGGCTTGAGGCCCTGGAA 
CCCGTGGCGAAGCAGCTACGACGGCGCCGACCTGTCGGCGATGC 
CGAAGCCGGTGGCCGAGGTGGCGAGCTGGGACG 


6362 


GCCGTCGTAGCTGCTTC 


6363 


GAAGCAGCIACGACGGC 


6364 
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Waxy starch 
GBSS 

nutuuuiti vuiyoiss 

Gln8Term 
CAG-TAG 


GTCTCTCACTGCAGGTAGCCACACCCTGTGCGCGGCGCCATGGC 
GGCTCTGGCCACGTCCIAGCTCGCCACCTCCGGCACCGTCCTCG 
GCGTCACCGACAGATTCCGGCGTCCAGGI NIC 


6365 


GAAAACCTGGACGCCGGAATCTGTCGGTGACGCCGAGGACGGTG 
CCGGAGGTGGCGAGCTAGGACGTGGCCAGAGCCGCCATGGCGC 
CGCGCACAGGGTGTGGCTACCTGCAGTGAGAGAC 


6366 


CCACGTCCIAGCTCGCC 


6367 


GGCGAGCTAGGACGTGG 


6368 


Waxy starch 
GBSS 

nuiuvuui vuiyuiv 

Arg21Term 
AGA-TGA 


ATGGCGGCTCTGGCCACGTCCCAGCTCGCCACCTCCGGCACCGT 
CCTCGGCGTCACCGACIGATTCCGGCGTCCAGGTTTTCAGGGCCT 
CAGGCCCCGGAACCCGGCGGATGCGGCGCTTG 


6369 


CAAGCGCCGCATCCGCCGGGTTCCGGGGCCTGAGGCCCTGAAAA 

CCTGGACGCCGGAATCAGTCGGTGACGCCGAGGACGGTGCCGG 

AGGTGGCGAGCTGGGACGTGGCCAGAGCCGCCAT 


6370 


TCACCGACIGATTCCGG 


6371 


CCGGAATCAGTCGGTGA 


6372 


Waxy starch 
GBSS 

nUiUuUlIi vUiyalG 

Gln28Term 
CAG-TAG 


CAGCTCGCCACCTCCGGCACCGTCCTCGGCGTCACCGACAGATT 
CCGGCGTCCAGG 1 1 1 1 TAGGGCCTCAGGCCCCGGAACCCGGCGG 
ATGCGGPGCTTGGTATGAGGACTATCGGAGCAA 


6373 


TTGCTCCGATAGTCCTCATACCAAGCGCCGCATCCGCCGGGTTCC 
GGGGCCTGAGGCCCTAAAAACCTGGACGCCGGAATCTGTCGGTG 
ACGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 


6374 


CAGGIIIIIAGGGOCIC 


6375 


GAGGCCCTAAAAACCTG 


6376 


Waxy starch 
GBSS 

nuiuuuiH vuiyaiv 

Gly46Term 
GGA-TGA 


GGI 1 1 ICAGGGCCTCAGGCCCCGGAACCCGGCGGATGCGGCGCT 

TGGTATGAGGACTATCIGAGCAAGCGCCGCCCCGAAGCAAAGCC 

RGAAAGCGCACCGCGGGAGCCGGCGGTGCCTCT 


6377 


AGAGGCACCGCCGGCTCCCGCGGTGCGCTTTCCGGCTTTGCTTC 
GGGGCGGCGCTTGCTCAGATAGTCCTCATACCAAGCGCCGCATC 
CGCCGGGTTCCGGGGCCTGAGGCCCTGAAAACC 


6378 


GGACTATCIGAGCAAGC 


6379 


GCTTGCTCAGATAGTCC 


6380 


Waxy starch 
GBSS 

Hordeum vulgare 

Lys52Term 

AAG-TAG 


CCCCGGAACCCGGCGGATGCGGCGCTTGGTATGAGGACTATCGG 

AGCAAGCGCCGCCCCGTAGCAAAGCCGGAAAGCGCACCGCGGG 

AGCCGGCGGTGCCTCTCCGTGGTGGTGAGCGCCA 


6381 


TGGCGCTCACCACCACGGAGAGGCACCGCCGGCTCCCGCGGTG 
CGCTTTCCGGCTTTGCTACGGGGCGGCGCTTGCTCCGATAGTCC 
TCATACCAAGCGCCGCATCCGCCGGGTTCCGGGG 


6382 
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CCGCCCCGIAGCAAAGC 


6383 


GCTTTGCTACGGGGCGG 


6384 


Waxy starch 
GBSS 
Zea mavs 
Gln8Term 
CAG-TAG 


ACGICI 1 1 rCTCTCTCTCCl ACGCAG IGGATTAATCGGCATGGCGG 
CTCTGQCCACGTCGTAGCTCGTCGCAACGCGCGCCGGCCTGGGC 
GTCCCGGACGCGTCCACGTTCCGCCGCGGCG 


6385 


CGCCGCGGCGGAACGTGGACGCGTCCGGGACGCCCAGGCCGGC 
GCGCGTTGCGACGAGCTACGACGTGGCCAGAGCCGCCATGCCGA 
TTAATCCACTGCGTAGGAGAGAGAGAAAAGACGT 


6386 


CCACGTCGIAGCTCGTC 


6387 


GACGAGCTACGACGTGG 


6388 


Waxy starch 
GBSS 
Zea mavs 
Gln30Term 
CAG-TAG 


GTCGCAACGCGCGCCGGCCTGGGCGTCCCGGACGCGTCCACGT 

TCCGCCGCGGCGCCGCGTAGGGCCTGAGGGGGGCCCGGGCGTC 

GGCGGCGGCGGACACGCTCAGCATGCGGACCAGCG 


6389 


CGCTGGTCCGCATGCTGAGCGTGTCCGCCGCCGCCGACGCCCG 

GGCCCCCCTCAGGCCCTACGCGGCGCCGCGGCGGAACGTGGAC 

GCGTCCGGGACGCCCAGGCCGGCGCGCGTTGCGAC 


6390 


GCGCCGCGIAGGGCCTG 


6391 


CAGGCCCTACGCGGCGC 


6392 


Waxy starch 
GBSS 
7ea mavs 

i>w w ill uy w 

Ser38Term 
TCG-TAG 


TCCCGGACGCGTCCACGTTCCGCCGCGGCGCCGCGCAGGGCCT 

GAGGGGGGCCCGGGCGTAGGCGGCGGCGGACACGCTCAGCATG 

CGGACCAGCGCGCGCGCGGCGCCCAGGCACCAGCA 


6393 


TGCTGGTGCCTGGGCGCCGCGCGCGCGCTGGTCCGCATGCTGA 
GCGTGTCCGCCGCCGCCIACGCCCGGGCCCCCCTCAGGCCCTG 
CGCGGCGCCGCGGCGGAACGTGGACGCGTCCGGGA 


6394 


CCGGGCGTAGGCGGCGG 


6395 


CCGCCGCCIACGCCCGG 


6396 


Waxy starch 
GBSS 
7m maws 

£-uci u lay o 

Ser57Term 
CAG-TAG 


GCGTCGGCGGCGGCGGACACGCTCAGCATGCGGACCAGCGCGC 

GCGCGGCGCCCAGGCACJAGCAGCAGGCGCGCCGCGGGGGCA 

GGTTCCCGTCGCTCGTCGTGTGCGCCAGCGCCGGCA 


6397 


TGCCGGCGCTGGCGCACACGACGAGCGACGGGAACCTGCCCCC 
GCGGCGCGCCTGCTGCTAGTGCCTGGGCGCCGCGCGCGCGCTG 
GTCCGCATGCTGAGCGTGTCCGCCGCCGCCGACGC 


6398 


CCAGGCACIAGCAGCAG 


6399 


CTGCTGCTAGTGCCTGG 


6400 
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Waxy starch 
GBSS 
7ea tnavs 

Lua ill Li y <j 

Gln58Term 
CAG-TAG 


TCGGCGGCGGCGGACACGCTCAGCATGCGGACCAGCGCGCGCG 
CGGCGCCCAGGCACCAGIAGCAGGCGCGCCGCGGGGGCAGGTT 
CCCGTCGCTCGTCGTGTGCGCCAGCGCCGGCATGA 


6401 


TCATGCCGGCGCTGGCGCACACGACGAGCGACGGGAACCTGCCC 
CCGCGGCGCGCCTGCTACTGGTGCCTGGGCGCCGCGCGCGCGC 
TGGTCCGCATGCTGAGCGTGTCCGCCGCCGCCGA 


6402 


GGCACCAGIAGCAGGCG 


6403 


CGCCTGCTACTGGTGCC 


6404 
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Example 11 
Altering fatty acid content of plants 

Improved means to manipulate fatly acid compositions, from biosynthetic or natural plant 
sources, are needed. For example, oils containing reduced saturated fatty acids are desired for dietary 
reasons and oils containing increased saturated fatty acids are also needed as alternatives to current 
sources of highly saturated oil products, such as tropical oils or chemically hydrogenated oils. It would 
therefore be advantageous to influence directly the production and composition of fatty acids in crop plants. 

Higher plants synthesize fatty acids, primarily palmitic, stearic and oleic acids, in the plastids 
(i.e., chloroplasts, proplastids, or other related organelles) as part of the Fatty Acid Synthase (FAS) complex. 
Fatty acid synthesis is the result of the three enzymatic activities: acyl-ACP elongase, acyl-ACP desaturase 
and acyl-ACP thioesterases specific for each of palmitoyl-, stearoyl- and oleoyl-ACP. 

A variety of enzymes have been identified that influence the relative levels of saturated vs. 
unsaturated fatty acids in plants. For example, the enzymes stearoyl-acyl earner protein (stearoyl-ACP) 
desaturase, oleoyl desaturase and linoleate desaturase produce unsaturated fatty acids from saturated 
precursors. Similarly, relative enzymatic activities of the various acyl-ACP thioesterases influences the 
relative acyl-chain composition of the resultant fatty acids. Consequently a reduction or an increase of the 
activity of these enzymes can alter the properties of oils produced in a plant In fact, specific targeting of 
particular enzymatic activities can results in altered levels of particular fatty acids. 

The attached tables disclose exemplary oligonucleotides base sequences which can be 
used to generate site-specific mutations in plant genes encoding proteins involved in fatty acid biosynthesis. 



Table 22 

Oligonucleotides to produce plants with reduced palmitate 
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Reduced palmitate 
Acyl-ACP-thioesterase 
Arabidopsis thaliana 
SerBTerm 
TCG-TAG 


TTTGGTGGCAGTGTCTTTGAACGCTTCATCTCCTCGTCATGGTGGC 

CACCTCTGCTACGTAGTCATTCTTTCCTGTACCATCTTCTTCACTT 

GATCCTAATGGAAAAGGCAATAAGATTGG 


6405 


CCMTCTTAnGCCTTTTCCATTAGGATCAAGTGAAGAAGATGGTA 
CAGGAAAGAATGACTACGTAGCAGAGGTGGCCACCATGACGAGG 
AGATGAAGCGTTCAAAGACACTGCCACCAAA 


6406 
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TGCTACGTAGTCATTCT 


6407 


AGAATGACIACGTAGCA 


6408 


Reduced palmitate 
Acyl-ACP-thioesterase 
Arabidopsis thaliana 
Ser9Term 
TCA-TGA 


GGTGGCAGTGTCTTTGAACGCTTCATCTCCTCGTCATGGTGGCCA 

CCTCTGCTACGTCGTGATTCTTTCCTGTACCATCTTCTTCACnGAT 

CCTAATGGAAAAGGCAATAAGATTGGGTC 


6409 


GACCCMTCnATTGCCTTTTCCATTAGGATCAAGTGAAGAAGATG 
GTACAGGAAAGAATCACGACGTAGCAGAGGTGGCCACCATGACGA 

bbAbA I bAAuOb 1 1 UAAAbAUAU 1 bbUAUO 


6410 


TACGTCGTGATTCTTTC 


6411 


GAAAGAATCACGACGTA 


6412 


Reduced palmitate 
Acyl-ACP-thioesterase 

nfaulUOpSIS Ulallaiia 

Ser17Term 
TCA-TGA 


ATCTCCTCGTCATGGTGGCCACCTCTGCTACGTCGTCATTCTTTCC 
TGTACCAtCTTCTTGACTTGATCCTAATGGAAMGGCAATAAGATT 


6413 


GMTTGAGTCCAGCMGATTCGTAGACCCAATCTTATTGCCTTTTC 
CATTAGGATCAAGTCAAGAAGATGGTACAGGAAAGAATGACGACG 
TAfSrAftAfiftTfiftrrAPPATfiArfiAfifiAfiAT 


6414 


ATCTTCTTGACTTGATC 


6415 


GATCAAGTCAAGAAGAT 


6416 


Reduced palmitate 
Acyl-ACP-thioesterase 

HlaUIUUfJolo UialiCUIa 

Gly22Tenm 
GGA-TGA 


GTGGCCACCTCTGCTACGTCGTCATTCTTTCCTGTACCATCTTCTT 
CACTTGATCCTAATTGAAAAGGCAATAAGATTGGGTCTACGAATCT 
TRrTftRAPTrAATTrTfinAnnTAAnTnTR 

1 I OvJrAO 1 wrVA 1 lul Uvnw 1 rVAw lulu 


6417 


CAGAGTTAGGTGCAGAATTGAGTCCAGCAAGATTCGTAGACCCAA 
TCTTAnGCCTTTTCAATTAGGATCAAGTGAAGAAGATGGTACAGG 
AAAoAATbAOoAuo 1 AoOAbAtsb 1 oot/LAL 


6418 


ATCCTAATTGAAAAGGC 


6419 


GCCIIIICAAIIAGGAI 


6420 


Reduced palmitate 
Acyl-ACP-thioesterase 
uarc/n/a mdngostana 
Ser8Term 
TCA-TGA 


GCTTGAATTTGTGATCTGATTGGTTAATTGTGGCCACAATGGTTGC 
TACTGCCGCCACGTGATCAnCTTTCCGTTGACTTCCCCTTCTGGG 

bA 1 bOLrAAA 1 ObbbbAA 1 OOUbbAAAAbb 


6421 


ccttttccgggattgcccgatttggcatccccagaaggggaagtc 
aacggaaagaatgatcacgtggcggcagtagcaaccattgtggcc 
acaattaaccaatcagatcacaaattcaagc 1 


6422 


CGCCACGTGATCATTCT 


6423 


AGAATGATCACGTGGCG 


6424 



WO 01/92512 



- 169- 



PCT/US01/17672 



Phenotype, Gene, 


■ ; ■ • .= ....•..„■.,„.;„ „V. ■■ : ^ ;\ „■„„■■] 


HHJD 

alii 






Reduced palmitate 
Acyl-ACP-thioesterase 
bsrcinid midngostdnd 


TGMTTTGTGATCTGATTGGTTAATTGTGGCCACAATGGTTGCTAC 
TGCCGCCACGTCATGATTCTTTCCGTTGACTTCCCCTTCTGGGGAT 


6425 


Ser9Term 
TCA-TGA 


GACCCTTTTCCGGGATTGCCCGATTTGGCATCCCCAGAAGGGGAA 
GTCAACGGAAAGAATCATGACGTGGCGGCAGTAGCAACCATTGTG 


6426 




CACGTCATGATTCTTTC 


6427 




GAAAGAATCATGACGTG' 


6428 


Reduced palmitate 
Acyl-ACP-thioesterase 
Garcinia manoostana 


CTGATTGGTTAATTGTGGCCACAATGGTTGCTACTGCCGCCACGT 
CATCATTCTTTCCGTAGACTTCCCCTTCTGGGGATGCCAAATCGG 
GCAATCCCGGAAAAGGGTCGGTGAGI 1 1 IGG 


6429 


Leu13Term 
TTG-TAG 


CCAAMCTCACCGACCCTTTTCCGGGATTGCCCGATTTGGCATCC 
CCAGAAGGGGAAGTCIACGGAAAGAATGATGACGTGGCGGCAGT 
AGCAACCATTGTGGCCACAATTAACCAATCAG 


6430 




CTTTCCGTAGACTTCCC 


6431 




GGGAAGTCTACGGAAAG 


6432 


Reduced palmitate 
Acyl-ACP-thioesterase 
Garrinia Ftianoostana 

wu/wiifiu iiiwi ly votuf fu 


ATGGTTGCTACTGCCGCCACGTCATCATTCTTTCCGTTGACTTCCC 

CTTCTGGGGATGCCIAATCGGGCAATCCCGGAAAAGGGTCGGTG 

AGTTTTGGGTCAATGAAGTCGAAATCCGCGG 


6433 


Lys21Term 
AAA-TAA 


CCGCGGATTTCGACTTCATTGACCCAAAACTCACCGACCCTTTTCC 
GGGATTGCCCGATTAGGCATCCCCAGAAGGGGAAGTCAACGGAA 

Af5AATf5ATr3APf5Tf5^r , finPAf5TAf5PAArr'AT 


6434 




GGGATGCCTAATCGGGC 


6435 




GCCCGATTAGGCATCCC 


6436 


Reduced palmitate 
Acyl-ACP-thioesterase 
Rn<*9i/n//7/n hirsufutn 

y fjitui 1 1 i i/i wmmjii i 


GGGATTTCAGCACGAMTTGAAG 1 IGI 1 1 1 1 AAAAACCATGGTTGC 
TACTGCTGTGACATAGGCG 1 1 1 1 1 CCCAGTCACTTCTTCACCTGAC 
TCCTCTGACTCGAAAAACAAGAAGCTCGG 


6437 


Ser8Term 
TCG-TAG 


CCGAGC 1 ICI IGI 1 1 1 1 CGAG 1 CAGAGGAG 1 CAGGTGAAGAAGTG 
ACTGGGAAAAACGCCTATGTCACAGCAGTAGCAACCATGGI 1 1 1 IA 
AAAACAACTTCAATTTCGTGCTGAAATCCC 

f W Iff V IV/I U 1 1 ^/ I V % I 1 I X^X^ 1 X^X> 1 V iff % 1 Www 


6438 




TGTGACATAGGCGTTTT 


6439 




AAAACGCCTATGTCACA 


6440 


Reduced palmitate 
Acyl-ACP-thioesterase 
Gossypium hirsutum 


TGI 1 1 1 1 AAAMCCATGGTTGCTACTGCTGTGACATCGGCGTTTTT 

CCCAGTCACTTCTTGACCTGACTCCTCTGACTCGAAAAACMGAAG 

CTCGGAAGCATCAAGTCGAAGCCATCGGT 


6441 


Ser16Term 
TCA-TGA 


ACCGATGGCnCGACnGATGCTTCCGAGCTTCTTGTTTTTCGAGT 
CAGAGGAGTCAGGTCAAGAAGTGACTGGGAAAAACGCCGATGTCA 
CAGCAGTAGCAACCATGG 1 1 1 1 lAAAAACA 


6442 \ 



WO 01/92512 



-170- 



PCT7US01/17672 



Phenoty'pe,Gene,' 




111 




CACTTCTTGACCTGACT 


6443 


AGTCAGGTCAAGAAGTG 


6444 


Reduced palmitate 
Acyl-ACP-thioesterase 
Gossypium hirsutum 
Ser22Term 
TCG-TAG 


1 1 GCTACTGC 1 G 1 GAGA 1 CGGCG 1 1 1 1 1 CCCAG 1 CAC 1 1 C 1 1 CACC 
TGACTCCTCTGACTAGAAAAACAAGAAGCTCGGAAGCATCAAGTC 
GAAGCCATCGGTTTCTTCTGGAAGTTTGCA 


j 6445 


TGCAAACTTCCAGAAGAAACCGATGGCTTCGACTTGATGCTTCCGA 
GCTTCTTGI 1 1 1 ICTAGTCAGAGGAGTCAGGTGAAGAAGTGACTGG 
GAAAAACGCCGATGTCACAGCAGTAGCAA 


6446 


CTCTGACTAGAAAAACA 


6447 


TGTTTTTCIAGTCAGAG 


6448 


Reduced palmitate 
Acyl-ACP-thioesterase 
Gossvoium hirsutum 

W WVJr WlWil 1 P I'll UwiUIII 

Lys23Term 
AAA-TAA 


GCTACTGCTGTGACATCGGCGTTTTTCCCAGTCACTTCTTCACCTG 

ACTCCTCTGACTCGTAAAACAAGAAGCTCGGAAGCATCAAGTCGA 

AGCCATCGGTTTCTTCTGGAAGTTTGCAAG 


6449 


CTTGCAAACTTCCAGAAGAAACCGATGGCTTCGACTTGATGCTTCC 
GAGCTTCTTGTTTTACGAGTCAGAGGAGTCAGGTGAAGAAGTGAC 


6450 


CTGACTCGIAAAACAAG 


6451 


CIIGIIIIACGAGICAG 


6452 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphed hookeriand 
SerHTerm 
TCG-TAG 


CTCCCGCTCGTTGAAAGACAATGGTGGCTACCGCTGCAAGCTCTG 
CATTCTTCCCCGTGTAGTCCCCGGTCACCTCCTCTAGACCAGGAA 
AGCCCGGAAATGGGTCATCGAGCTTCAGCCC 


6453 


GGGCTGAAGCTCGATGACCCATTTCCGGGCTTTCCTGGTCTAGAG 
GAGGTGACCGGGGACTACACGGGGAAGAATGCAGAGCTTGCAGC 
GGTAGCCACCATTGTCTTTCAACGAGCGGGAG 


6454 


CCCCGTGTAGTCCCCGG 


6455 


CCGGGGACTACACGGGG 


6456 


Reduced palmitate 
Acyl-ACP-thioesterase 

Ounhea hnnkpriana 

Arg21Term 
AGA-TGA 


ATGGTGGCTACCGCTGCAAGCTCTGCATTCTTCCCCGTGTCGTCC 
CCGGTCACCTCCTCTTGACCAGGAAAGCCCGGAAATGGGTCATCG 
AGCTTCAGCCCCATCAAGCCCAAA7TTGTCG 


6457 


CGACAAATTTGGGCTTGATGGGGCTGMGCTCGATGACCCATTTC 
CGGGCTTTCCTGGTCAAGAGGAGGTGACCGGGGACGACACGGG 
GAAGAATGCAGAGCTTGCAGCGGTAGCCACCAT 


6458 


CCTCCTCTTGACCAGGA 


6459 


TCCTGGTCAAGAGGAGG 


6460 
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■ '■ 


Reduced palmitate 
Acyl-ACP-thioesterase 

Ctinhea hnnkpriank 

\j\jUii\SQ ftuunwf iai to 


GCTACCGCTGCAAGCTCTGCATTCTTCCCCGTGTCGTCCCCGGTC 
ACCTCCTCTAGACCATGAAAGCCCGGAAATGGGTCATCGAGCTTC 
AGCCCCATCAAGCCCAAATTTGTCGCCAATG 


6461 


Gly23Term 
GGA-TGA 


CATTGGCGACAAATTTGGGCTTGATGGGGCTGAAGCTCGATGACC 

CATTTCCGGGCTTTCATGGTCTAGAGGAGGTGACCGGGGACGAC 

ACGGGGAAGAATGCAGAGCTTGCAGCGGTAGC 


6462 




CTAGACCATGAAAGCCC 


6463 




GGGCTTTCATGGTCTAG 


6464 


Reduced palmitate 
Acyl-ACP-thioesterase 

\sUjJI /C7Ci ilUUnuiialla 


ACCGCTGCAAGCTCTGCATTCTTCCCCGTGTCGTCCCCGGTCACC 
TCCTCTAGACCAGGATAGCCCGGAAATGGGTCATCGAGCTTCAGC 
nrnATrAAGncnAAATTTGTCGCCAATGGCG 


6465 


Lys24Term 
AAG-TAG 


CGCCATTGGCGACAAATTTGGGCTTGATGGGGCTGAAGCTCGATG 
ACCCATTTCCGGGCTATCCTGGTCTAGAGGAGGTGACCGGGGAC 

bAlrAUbbbbAAbAAl bLrAbAbO 1 1 bl/AbUbb 1 


6466 




GACCAGGAIAGCCCGGA 


6467 




TCCGGGCTATCCTGGTC 


6468 


Reduced palmitate 
Acyl-ACP-thioesterase 

KsUpuva lauLuUlala 


GCCACCGCTGCAAGTTCTGCATTCTTCCCCCTGCCGTCCCCGGAC 
ACCTCCTCTAGGCCGIGAAAGCTCGGAAATGGGTCATCGAGCTTG 


6469 


Gly23Term 
GGA-TGA 


CATTGGCGACAAATTTGGGCTTGAGGGGGCTCAAGCTCGATGACC 
CATTTCCGAGCTTTCACGGCCTAGAGGAGGTGTCCGGGGACGGC 
AGGGGGAAGAATGCAGAACTTGCAGCGGTGGC 


6470 




CTAGGCCGIGAAAGCTC 


6471 




GAGCTTTCACGGCCTAG 


6472 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea lanceolata 


ACCGCTGCAAGTTCTGCATTCTTCCCCCTGCCGTCCCCGGACACC 
TCCTCTAGGCCGGGAIAGCTCGGAAATGGGTCATCGAGCTTGAGC 
CCCCTCMGCCCAMTTTGTCGCCAATGCCG 


6473 


Lys24Term 
AAG-TAG 


CGGCATTGGCGACAAATTTGGGCTTGAGGGGGCTCAAGCTCGAT 
GACCCATTTCCGAGCTATCCCGGCCTAGAGGAGGTGTCCGGGGA 
CbbCAbbbbbAAbAA 1 bLAbAAL 1 1 bOAbObb 1 


6474 




GGCCGGGAIAGCTCGGA 


6475 




TCCGAGCTATCCCGGCC 


6476 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea lanceolata 


GCAAGTTCTGCATTCTTCCCCCTGCCGTCCCCGGACACCTCCTCT 
AGGCCGGGAAAGCTCIGAAATGGGTCATCGAGCTTGAGCCCCCT 
CAAGCCCAAATTTGTCGCCAATGCCGGGTTGA 


6477 


Gly26Term 
GGA-TGA 


TCAACCCGGCATTGGCGACAAATTTGGGCTTGAGGGGGCTCAAGC 
TCGATGACCCATTTCAGAGCTTTCCCGGCCTAGAGGAGGTGTCCG 
GGGACGGCAGGGGGAAGAATGCAGAACTTGC 


6478 
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GAAAGCTCTGAAATGGG 


6479 


CCCATTTCAGAGCTTTC 


6480 


Reduced palmitate 
Acyl-ACP-thioesterase 

\sU[J!lua lallwUlala 

Ser29Term 
TCA-TGA 


CATTCTTCCCCCTGCCGTCCCCGGACACCTCCTCTAGGCCGGGAA 
AGCTCGGAAATGGGTGATCGAGCTTGAGCCCCCTCAAGCCCAAAT 
TTRTnRrnAATRnCfiGGTTGAAGGTTAAGGC 


6481 


GCCTTAACCTTCAACCCGGCATTGGCGACAAATTTGGGCTTGAGG 
GGGCTCAAGCTCGATCACCCATTTCCGAGCTTTCCCGGCCTAGAG 

bAbb 1 b 1 CGbbbbAObblrAbbbbbAAbAA 1 b 


6482 


AAATGGGTGATCGAGCT 


6483 


AGCTCGATCACCCATTT 


6484 


Reduced palmitate 
Acyl-ACP-thioesterase 
riBiidninus annuus 
Ser9Term 
TCG-TAG 


CGTTTAAGTGGATCGGACATn AAG 1 G 1 1 1 IAAICAIGGTAGCTAT 
GAGTGCTACTGCGTAGCTGTTTCCGGTTTCTTCCCCAAAACCTCA 

PTPTft ft a ftpp A A ft ap ATPTft AT A Aft PTTft ft 

O 1 \j I OOAOV^v-rAAOMOM 1 \s 1 On 1 AnOO 1 1 OO 


6485 


CCAAGCTTATCAGATGTCTTGGCTCCAGAGTGAGGTTTTGGGGAA 
GAAACCGGAAACAGCTACGCAGTAGCACTCATAGCTACCATGATT 


6486 


TACTGCGTAGCTGTTTC 


6487 


GAAACAGCTACGCAGTA 


6488 


Reduced palmitate 
Acyl-ACP-thioesterase 
Helianthus annuus 
Lys17Term 
AAA-TAA 


AGTGTTTTAATCATGGTAGCTATGAGTGCTACTGCGTCGCTGTTTC 
CGGTTTCTTCCCCATAACCTCACTCTGGAGCCAAGACATCTGATAA 
GCTTGGAGGTGAACCAGGTAGTGTTGCTG 


6489 


CAGCAACACTACCTGGTTCACCTCCAAGCTTATCAGATGTCTTGGC 
TCCAGAGTGAGGTTATGGGGAAGAAACCGGAAACAGCGACGCAG 
TAGCACTCATAGCTACCATGATTAAAAl/AU 1 


6490 


CTTCCCCAIAACCTCAC 


6491 


GTGAGGTTATGGGGAAG 


6492 


Reduced palmitate 
Acyl-ACP-thioesterase 

Li/\/tnMrni ■ #> /Mini it i a 

neiiantnus annuus 

Gly21Term 

GGA-TGA 


ATGGTAGCTATGAGTGCTACTGCGTCGCTGTTTCCGGTTTCTTCCC 
CAAAACCTCACTCTTGAGCCAAGACATCTGATAAGCTTGGAGGTGA 

APPAftPTAPTftTTftPTftTftPftPftftAATPA 
ALrUAoo 1 Ab loll oLr 1 \j 1 oUbuooMH 1 UA 


6493 


TGATTCCGCGCACAGCAACACTACCTGGTTCACCTCCAAGCTTATC 
AGATGTCTTGGCTCAAGAGTGAGGTTTTGGGGAAGAAACCGGAAA 
CAGCGACGCAGTAGCACTCATAGCTACCAT 


6494 


CTCACTCTTGAGCCAAG 


6495 


CTTGGCTCAAGAGTGAG 


6496 
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Reduced palmitate 
Acyl-ACP-thioesterase 
nsiianinus annuus 


GCTATGAGTGCTACTGCGTCGCTGTTTCCGGTTTCTTCCCCAAAAC 

CTCACTCTGGAGCCIAGACATCTGATAAGCTTGGAGGTGAACCAG 

c^A^nTTor^cxYcxr^c^c^At^CAA^ACAk 


6497 


Lys23Term 
AAG-TAG 


TTGTCTTGATTCCGCGCACAGCAACACTACCTGGTTCACCTCCAAG 
CTTATCAGATGTCTAGGCTCCAGAGTGAGG 1 1 1 IGGGGAAGAAAC 
CGGAMCAGCGACGCAGTAbOAt, luA 1 AbL 


6498 


• 


CTGGAGCCIAGACATCT 


6499 




AGATGTCTAGGCTCCAG 


6500 


Reduced palmitate 
Acyl-ACP-thioesterase 

info no/ncfWo 

uup/iea paiusins 


ATGGTGGCTGCTGCAGCAAG 1 rCTGCATGCTTCCCTGTTCCATCC 
CCAGGAGCCTCCCCHAACCTGGGAAGTTAGGCAACTGGTCATCG 


6501 


Lys21Term 
AAA-TAA 


TTGACTTGGGCTTCAAGGAAGGGCTCAAACTCGATGACCAGTTGC 
CTAACTTCCCAGGTTAAGGGGAGGCTCCTGGGGATGGAACAGGG 
AAfsrATRrARAArTTRrTftPARnAftnnAnnAT 


6502 




CCTCCCCTTAACCTGGG 


6503 




CCCAGGTTAAGGGGAGG 


6504 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea palustris 


GCTGCAGCAAGTTCTGCATGCTTCCCTGTTCCATCCCCAGGAGCC 
TCCCCTAAACCTGGGTAGTTAGGCAACTGGTCATCGAGTTTGAGC 
CCTTCCTTGAAGCCCAAGTCAATCCCCAATG 


6505 


Lys24Term 
AAG-TAG 


CATTGGGGATTGACTTGGGCTTCAAGGAAGGGCTCAAACTCGATG 
ACCAGTTGCCTAACTACCCAGGTTTAGGGGAGGCTCCTGGGGATG 

Aft «AA A * AAATAA AAA ft ATTAAT/AA A /^/** 

GAACAGbbAAGC/ATCaUAbAAU 1 1 1 (juAbu 


6506 




AACCTGGGJAGTTAGGC 


6507 




GCCTAACTACCCAGGTT 


6508 


Reduced palmitate 
Acyl-ACP-thioesterase 
cupnea paiusins 


TGCATGCTTCCCTGTTCCATCCCCAGGAGCCTCCCCTAAACCTGG 
GAAGTTAGGCAACTGATCATCGAGTTTGAGCCCTTCCTTGAAGCC 


6509 


Trp28Term 
TGG-TGA 


AACCTGAAATCCGCCATTGGGGATTGACTTGGGCTTCAAGGAAGG 
GCTCAAACTCGATGAICAGTTGCCTAACTTCCCAGGTTTAGGGGA 
PioPTPPTr^r^/^io a Tv^rs a a n Afzrzn a a czr ATtzr a 

bbo 1 1 vjobon 1 ooAMuMovjOnMoV/M I UOn 


6510 




GGCAACTGATCATCGAG 


6511 




CTCGATGAICAGTTGCC 


6512 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea palustris 


CATGCTTCCCTGTTCCATCCCCAGGAGCCTCCCCTAAACCTGGGA 
AGTTAGGCAACTGGTGATCGAGTTTGAGCCCTTCCTTGAAGCCCA 
AGTCAATCCCCAATGGCGGATTTCAGGTTAA 


6513 


Ser29Term 
TCA-TGA 


TTAACCTGAAATCCGCCATTGGGGATTGACTTGGGCTTCAAGGAA 
GGGCTCAAACTCGATCACCAGTTGCCTAACTTCCCAGGTTTAGGG 
GAGGCTCCTGGGGATGGAACAGGGAAGCATG 


6514 
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CAACTGGTGATCGAGTT 


6515 


AACTCGATCACCAGTTG 


6516 


Reduced palmitate 
Acyl-ACP-thioesterase 

C*i mhoo hssri Icons no 
KjfUjJIlua llUVIKul lalla 

Lys21Term 
AAA-TAA 


ATGGTGGCTGCCGCAGCAAGTTCTGCATTCTTCTCCGTTCCAACC 
CCGGGAATCTCCCCTIAACCCGGGAAGTTCGGTAATGGTGGCTTT 


6517 


TAGGATGGGCATTGGCGTTTGCCTTAACCTGAAAGCCACCATTAC 

CGAACTTCCCGGGTTAAGGGGAGATTCCCGGGGTTGGAACGGAG 

AAGAATGCAGAACTTGCTGCGGCAGCCACCAT 


6518 


TCTCCCCTIAACCCGGG 


6519 


CCCGGGTTAAGGGGAGA 


6520 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea hookehana 
Lys24Term 
MG-TAG 


GCCGCAGCAAGTTCTGCATTCTTCTCCGTTCCAACCCCGGGAATC 
TCCCCTAAACCCGGGIAGTTCGGTAATGGTGGCTTTCAGGTTAAG 
GCAAACGCCAATGCCCATCCTAGTCTAAAGT 


6521 


ACTTTAGACTAGGATGGGCATTGGCGTTTGCCTTAACCTGAAAGCC 
ACCATTACCGAACTACCCGGGTTTAGGGGAGATTCCCGGGGTTGG 
AACGGAGAAGAATGCAGAACTTGCTGOGGO 


6522 


AACCCGGGIAGTTCGGT 


6523 


ACCGAACTACCCGGGTT 


6524 


Reduced palmitate 
Acyl-ACP-thioesterase 

Pi mhaa hf\f\irckrianck 
LrUfJIiGd liUUftuflaila 

Gln31Term 
CAG-TAG 


TTCTCCGTTCCAACCCCGGGAATCTCCCCTAAACCCGGGAAGTTC 
GGTAATGGTGGCTnTAGGTTAAGGCAAACGCCAATGCCCATCCT 

AfiTrTAAAf5TPTr5f5rAftrrTrftAfiAnTfiAAG 


6525 


CTTCAGTCTCGAGGCTGCCAGACTTTAGACTAGGATGGGCATTGG 
CGTnGCCTTMCCTAAAAGCCACCATTACCGAACTTCCCGGGTTT 
AGGGGAGATTCCCGGGGTTGGAACGGAGAA 


6526 


GTGGCTTTTAGGTTAAG 


6527 


CTTAACCTAAAAGCCAC 


6528 


Reduced palmitate 
Acyl-ACP-thioesterase 
Lupned nooKdnana 
Lys33Term 
AAG-TAG 


GTTCCAACCCCGGGAATCTCCCCTAAACCCGGGAAGTTCGGTAAT 

GGTGGCmCAGGTTTAGGCAAACGCCAATGCCCATCCTAGTCTA 

a a ptptp a p r^pTPr* a p a ptp a a n atp a p a 
AAo 1 0 1 obOAuLrO 1 LoAbAO 1 vjAAuA 1 VjAUA 


6529 


TGTCATCTTCAGTCTCGAGGCTGCCAGACTTTAGACTAGGATGGG 

CATTGGCGTTTGCCTAAACCTGAAAGCCACCATTACCGAACTTCCC 

GGGTTTAGGGGAGATTCCCGGGGTTGGAAC 


6530 


TTCAGGTTTAGGCAAAC 


6531 


GTTTGCCTAAACCTGAA 


6532 
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Reduced palmitate 
Acyl-ACP-thioesterase 

firpQc/rp ran?} 

Gln21Term 
CAA-TAA 


ATGTTGAAGCTCTCGTGTAATGCGACTGATAAGTTACAGACCCTCI 
TCTCGCATTCTCATTAACCGGATCCGGCACACCGGAGAACCGTCT 

/^nT/>^^T/^T/^ATOOT/>T/^ A TATA A /*N/*> A A A 

CCTCCGTGTCGTGCTCTCATCTGAGGAAAC 


6533 


GTTTCCTCAGATGAGAGCACGACACGGAGGAGACGGTTCTCCGGT 
GTGCCGGATCCGGTTAATGAGAATGCGAGAAGAGGGTCTGTAACT 

"T* A T/^ A /">*T"r> a TT A^A/^^A/^A OOITA A A AAT 

TATCAGTCGCATTACACGAGAGCTTCAACAT 


6534 


ATTCTCATTAACCGGAT 


6535 


ATCCGGTTAATGAGAAT 


6536 


Reduced palmitate 
Acyl-ACP-thioesterase 
Brassies rapa 
Arg28Term 
AGA-TGA 


GCGACTGATAAGTTACAGACCCTCTTCTCGCATTCTCATCAACCGG 
ATCCGGCACACCGGIGAACCGTCTCCTCCGTGTCGTGCTCTCATC 
TGAGGAAACCGGTTCTCGATCCTTTGCGAG 


6537 


CTCGCAAAGGATCGAGAACCGGTTTCCTCAGATGAGAGCACGACA 
CGGAGGAGACGGTTCACCGGTGTGCCGGATCCGGTTGATGAGAA 
TGCGAGAAGAGGGTCTGTAACTTATCAGTCGC 


6538 


rArArpfiftTCAArnrrr 


6539 


GACGGTTCACCGGTGTG 


6540 


Reduced palmitate 
Acyl-ACP-thioesterase 

D/ cfoo/uci / ajgfo 

Ser24Term 
TCG-TAG 


CCCTCTTCTCGCATTCTCATCMCCGGATCCGGCACACCGGAGAA 
CCGTCTCCTCCGTGTAGTGCTCTCATCTGAGGAAACCGGTTCTCG 

A *T* A AT'I | ^NAA A /"^ A A A *T* A / 1 ' A T AT /*N A T" A A 

ATCCTTTGCGAGCGATCGTATCTGCTGATCA 


6541 


TGATCAGCAGATACGATCGCTCGCAAAGGATCGAGAACCGGTTTC 
CTCAGATGAGAGCACTACACGGAGGAGACGGTTCTCCGGTGTGC 

AAA A TAAAA'T ' 1 ' A A TA A A A A T A A^"N A /*\ A A A A AAA 

CGGATCCGGTTGATGAGAATGCGAGAAGAGGG 


6542 | 


CTCCGTGTAGTGCTCTC 


6543 


GAGAGCACIACACGGAG 


6544 


Reduced palmitate 
Acyl-ACP-thioesterase 

Cys25Term 
TGC-TGA 


CTTCTCGCATTCTCATCAACCGGATCCGGCACACCGGAGAACCGT 
CTCCTCCGTGTCGTGATCTCATCTGAGGAAACCGGTTCTCGATCC 
TTTGCGAGCGATCGTATCTGCTGATCMGGA 


6545 


TCCTTGATCAGCAGATACGATCGCTCGCAAAGGATCGAGAACCGG 
TTTCCTCAGATGAGAICACGACACGGAGGAGACGGTTCTCCGGTG 
TGCCGGATCCGGTTGATGAGAATGCGAGAAG 


6546 


GTGTCGTGATCTCATCT 


6547 


AGATGAGATCACGACAC 


6548 


Reduced palmitate 
Acyl-ACP-thioesterase 
Brassica napus 
Leu2Term 
TTG-TAG 


ATTCTTCTTCTATAAACCAAAACC ICAUGAACCAl AAAAAAAAAAliU 

GCATCAAAAATGTAGMGCTTTCGTGTAATGTGACTAACAACTTAC 

ACACCTTCTCCTTCTTCTCCGATTCCTC 


6549 


GAGGAATCGGAGAAGAAGGAGAAGGTGTGTAAGTTGTTAGTCACA 
TTACACGAAAGCTTCTACA 1 1 1 1 IGAIGOCCI 1 1 1 1 1 1 1 1 IATGGTTC 
CTGAGGTTTTGGTTTATAGAAGAAGAAT 


6550 
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AAAAATGTAGAAGCTTT 


6551 


AAAGCI IC1ACAI 1 1 II 


6552 


Reduced palmitate 
Acyl-ACP-thioesterase 
brsssicd napus 
Lys3Term 
AAG-TAG 


TCTTCTTCTATAAACCAAAACCTCAGGAACCATAAAAAAAAAAGGG 
CATCAAAAATGTTGTAGCTTTCGTGTMTGTGACTAACAACTTACAC 

A PPTTPTPPTTPTTPTPPP ATTPPTPPP 

AOO 1101 00 1 101 101 OObA 1 1 00 1 000 


6553 


GGGAGGAATCGGAGAAGAAGGAGAAGGTGTGTAAGTTGTTAGTCA 
CATTACACGAAAGCTACAACA 1 1 1 1 IGAIGCCCI 1 1 1 1 1 1 1 1 IATGG 

TTPPTftAftfi MM ftfyTTTATAftAAftAAfiA 


6554 


AAATGTTGIAGCnTCG 


6555 


CGAAAGCTACAACATTT 


6556 


Reduced palmitate 
Acyl-ACP-thioesterase 

Ser5Term 
TCG-TAG 


CTATAAACCAAAACCTCAGGAACCATAAAAAAAAAAGGGCATCAAA 

AATGTTGAAGCTTTAGTGTAATGTGACTAACAACTTACACACCTTCT 

CCTTCTTCTCCGATTCCTCCCTTTTCAT 


6557 


ATGAAAAGGGAGGAATCGGAGAAGAAGGAGAAGGTGTGTAAGTTG 
TTAGTCACATTACACIAAAGCTTC AACA 1 1 1 1 IGAIGCCCI 1 1 1 1 1 1 1 
TTATGGTTCCTGAGGTTTTGGTTTATAG 


6558 


GAAGCTTTAGTGTAATG 


6559 


CATTACACTAAAGCTTC 


6560 


Reduced palmitate 
Acyl-ACP-thioesterase 

/3racc/ra na/v/c 
D/cfopii/Cf HafJUo 

Cys6Term 
TGT-TGA 


AAACCAAAACCTCAGGAACCATAAAAAAAAAAGGGCATCAAAAATG 

TTGAAGCTTTCGTGAAATGTGACTAACAACTTACACACCTTCTCCTT 

CTTCTCCGATTCCTCCCTTTTCATCCCG 


6561 


CGGGATGAAAAGGGAGGAATCGGAGAAGAAGGAGAAGGTGTGTA 
AGTTGTTAGTCACATTTCACGAAAGCTTCAACA 1 1 1 1 1 GATGCCCTT 
1 1 1 1 1 1 1 IAIGGI ICCIGAGGI 1 1 IGGTTT 


6562 


CTTTCGTGAAATGTGAC 


6563 


GTCACATTTCACGAAAG 


6564 
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Oligonucleotides to produce plants with increased stearate 





• 5 - '- ' - Attiring Oli^O^ ~ 


■ ■ ytt- r 

J- 


Increased stearate 

stearoyl-ACP 

desaturase 

Arabidopsis thaliana 

Lys4Term 

AAG-TAG 


GGGAGAGCTCTAGCTCTGTAGAAAAGMGGATTCATTCATCATATC 
CAGAAATGGCTCTATAGTTTAACCCTTTGGTGGCATCTCAGCCTTA 
CAAATTCCCTTCCTCGACTCGTCCGCCAA 


6565 


TTGGCGGACGAGTCGAGGAAGGGAATTTGTAAGGCTGAGATGCCA 

CCAAAGGGTTAAACTATAGAGCCATTTCTGGATATGATGAATGAAT 

CCTTCTTTTCTACAGAGCTAGAGCTCTCCC 


6566 


TGGCTCTATAGTTTAAC 


6567 


GTTAAACTATAGAGCCA 


6568 


Increased stearate 

stearoyl-ACP 

desaturase 

Arabidopsis thaliana 

Leu8Term 

TTG-TAG 


CTCTGTAGAAAAGAAGGATTCATTCATCATATCCAGAAATGGCTCT 
AMGTTTAACCCTTAGGTGGCATCTCAGCCTTACAAATTCCCTTCC 
TCGACTCGTCCGCCAACTCCTTCTTTCAG 


6569 


CTGAAAGAAGGAGTTGGCGGACGAGTCGAGGAAGGGAATTTGTAA 
GGCTGAGATGCCACCTAAGGGTTAAACTTTAGAGCCATTTCTGGAT 
ATGATGAATGAATCCTTCTTTTCTACAGAG 


6570 


TAACCCTTAGGTGGCAT 


6571 


ATGCCACCTAAGGGTTA 


6572 


Increased stearate 

stearoyl-ACP 

desaturase 

Arabidopsis thaliana 

Gln12Term 

CAG-TAG 


AGAAGGATTCATTCATCATATCCAGAAATGGCTCTAAAGTTTMCC 

CTTTGGTGGCATCTTAGCCTTACAAATTCCCTTCCTCGACTCGTCC 

GCCAACTCCTTCTTTCAGATCTCCCAAGT 


6573 


ACTTGGGAGATCTGAAAGAAGGAGTTGGCGGACGAGTCGAGGAA 

GGGMTTTGTAAGGCTAAGATGCCACCAAAGGGTTAAACTTTAGAG 

CCATTTCTGGATATGATGAATGAATCCTTCT 


6574 


TGGCATCTTAGCCTTAC 


6575 


GTAAGGCTAAGATGCCA 


6576 


Increased stearate 

stearoyl-ACP 

desaturase 

Arabidopsis thaliana 

Phe14Term 

TAC-TAG 


TCATTCATCATATCCAGAAATGGCTCTAAAGTTTAACCCTTTGGTG 

GCATCTCAGCCTTAGAAATTCCCTTCCTCGACTCGTCCGCCAACTC 

CTTCTTTCAGATCTCCCAAGTTCCTCTGC 


6577 


GCAGAGGAACTTGGGAGATCTGAAAGAAGGAGTTGGCGGACGAG 
TCGAGGMGGGAATTTCTAAGGCTGAGATGCCACCAAAGGGTTAA 
ACTTTAGAGCCATTTCTGGATATGATGAATGA 


6578 


CAGCCTTAGAAATTCCC 


; 6579 


GGGAATTTCTAAGGCTG 


6580 
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: Afteratidri - 


- , - * . ; ....... 


PEOID 

i • / 


Increased stearate 
stearoyl-ACP 

UcodLUl doc 

Brassica napus 

Leu3Term 

TTG-TAG 


GAGAGC I CGC rCGTGTCTGAAAGAACATCAAACCTCGTATCAAAAA 
AAAGAAAATGGCATAGMGCTTAACCCTTTGGCATCTCAGCCTTAC 


6581 


ATTGGCGGACGAGCCGAGGAAGGGAGTTTGTAAGGCTGAGATGC 
CAAAGGGTTAAGCTTCIATGCCAI 1 1 1 CI 1 1 1 1 1 1 1 GATACGAGGTT 
TGATGTTCTTTCAGACACGAGCGAGCTCTC 


6582 


AATGGCATAGAAGCTTA 


6583 


TAAGCTTCTATGCCATT 


6584 


Increased stearate 

stearoyl-ACP 

desaturase 

Brassica napus 

Lys4Term 

AAG-TAG 


GAGCTCGCTCGTGTCTGAAAGAACATCAAACCTCGTATCAAAAAAA 
AGAAAATGGCATTGTAGCTTAACCCTTTGGCATCTCAGCCTTACAA 
ACTCCCTTCCTCGGCTCGTCCGCCAATCT 


6585 


AGATTGGCGGACGAGCCGAGGAAGGGAGTTTGTAAGGCTGAGAT 
GCCAMGGGTTMGCTACMTGCCATTTTCTTTTTTTTGATACGAG 
bill bAI b 1 1 L 1 1 1 OAbAOAObAbObAbO 1 1/ 


6586 


TGGCATTGJAGCTTAAC 


6587 


GTTAAGCTACAATGCCA 


6588 


Increased stearate 

stearoyl-ACP 

aesaiurase 

Brassica napus 

Leu8Term 

TTG-TAG 


TCTGAAAGAACATCAAACCTCGTATCAAAAAAAAGAAAATGGCATT 

GAAGCTTAACCCTTAGGCATCTCAGCCTTACAAACTCCCTTCCTCG 

r5r > Trr5Tr , r i f5rrAATr'TrTAr'TrTrARATr 


6589 


GATCTGAGAGTAGAGATTGGCGGACGAGCCGAGGAAGGGAGTTT 

GTMGGCTGAGATGCCIMGGGTTMGCTTCMTGCCATTTTCTTT 

1 1 1 1 1 fiATArfiAfifiTTTfiATfiTTnTTTrAfiA 
1 1 1 1 1 on 1 nijunuu l l l OA l o l lul l l vnun 


6590 


TMCCCTTAGGCATCTC 


6591 


GAGATGCCIAAGGGTTA 


6592 


Increased stearate 

stearoyl-ACP 

aesaturase 

Brassica napus 

GInllTerm 

CAG-TAG 


AACATCAAACCTCGTATCAAAAAAAAGAAAATGGCATTGAAGCTTAA 
CCCTTTGGCATCTIAGCCTTACAAACTCCCTTCCTCGGCTCGTCCG 

rr A ATPTfTAfTPTP Aft ATPTPPP A AftT 


6593 


ACTTGGGAGATCTGAGAGTAGAGATTGGCGGACGAGCCGAGGAA 
GGGAGTTTGTAAGGCTAAGATGCCAAAGGGTTAAGCTTCAATGCC 
ATTTTCI 1 1 1 1 1 1 1 GATACGAGGTTTGATGTT 


6594 


TGGCATCTTAGCCTTAC 


6595 


GTAAGGCTAAGATGCCA 


6596 


Increased stearate 

stearoyl-ACP 

desaturase 

Ricinus communis 

Gln27Term 

CAA-TAA 


AACCAAAAGAAAA 
ATCCTTTCCTTTCl 
CCAATGGCCAGT^ 


^GGTAAGAAAAAAAACAATGGCTCTCAAGCTCA 
TAAACCCAAAAGTTACCTTCTTTCGCTCTTCCA 
iCCAGATCTCCTAAGT 


6597 


ACTTAGGAGATCTGGTACTGGCCATTGGTGGAAGAGCGAAAGAAG 
GTMCTTTTGGGTTTAAGAAAGGAAAGGATTGAGCTTGAGAGCCAT 
TGI 1 1 1 1 1 1 ICTTACC 1 1 1 1 1 CTTTTGGTT 


6598 
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Phenotype. Gene, 
Alteration " 






mm 

■III 

... 

... 




TCCTTTCTTAAACCCAA 


6599 


TTftftfiTTTAAftAAAftftA 


6600 


Increased stearate 

stearoyl-ACP 

desaturase 

Ricinus communis 

Gln29Term 

CAA-TM 


AAGAAAAAGGTAAGAAAAAAAACAATGGCTCTCAAGCTCAATCCTT 
TCCTTTCTCAAACCTAAAAGTTACCTTCTTTCGCTCTTCCACCAATG 
GCCAGTACCAGATCTCCTAAGTTCTACA 


6601 


TGTAGAACTTAGGAGATCTGGTACTGGCCATTGGTGGAAGAGCGA 
MGMGGTMCTTTTAGGTTTGAGAAAGGAAAGGATTGAGCTTGAG 
AGCCATTGI 1 1 1 1 1 1 ICTTACCI MM CTT 


6602 


PTP A A A PPT A A A A flTT A 
I UAAAOOJAAAAo 1 IA 


6603 


TAAP 1 1 1 1 ArefflTTfcAft 
1 MAO MM Moo I 1 1 UAo 


6604 


Increased stearate 

stearoyl-ACP 

desaturase 

Ricinus communis 

Lys30Term 

AAG-TAG 


AAAAAGGTAAGAAAAAAAACAATGGCTCTCAAGCTCAATCCTTTCC 
TTTCTCAAACCCAAIAGTTACCTTCTTTCGCTCTTCCACCAATGGC 
CAGTACCAGATCTCCTAAGTTCTACATGG 


6605 


CCATGTAGAACTTAGGAGATCTGGTACTGGCCATTGGTGGAAGAG 
CGAAAGAAGGTAACTATTGGGTTTGAGAAAGGAAAGGATTGAGCT 
TGAGAGCCATTGl 1 1 1 1 1 1 1 CTTACCTTTTT 


6606 


AAACCCAATAGTTACCT 


6607 


AGGTAACTATTGGGTTT 


6608 


Increased stearate 

stearoyl-ACP 

Qesaiurase 

Ricinus communis 

Lys46Term 

AAG-TAG 


TCTCAAACCCAAAAGTTACCTTCTTTCGCTCTTCCACCAATGGCCA 
GTACCAGATCTCCTTAGTTCTACATGGCCTCTACCCTCAAGTCTGG 
TTCTAAGGAAGTTGAGAATCTCAAGAAGC 


6609 


GCTTCTTGAGATTCTCAACTTCCTTAGAACCAGACTTGAGGGTAGA 
GGCCATGTAGAACTAAGGAGATCTGGTACTGGCCATTGGTGGAAG 
AGCGAAAGAAGGTAACTTTTGGGTTTGAGA 


6610 


P ATPTPPTT A PTTPT A P 


6611 


(TV A O A A PT A A 0, f5 A fi ATP 
o 1 AoAAO 1 MAooAoA 1 0 


6612 


Increased stearate 

stearoyl-ACP 

desaturase 

Glycine max 

Gln11Term 

CAA-TAA 


TCTTCTGATTCATTTAATCTTTACTCATCAATGGCTCTGAGACTGAA 
CCCTATCCCCACCTAMCCTTCTCCCTCCCCCAAATGGCCAGTCT 
CAGATCTCCCAGGTTCCGCATGGCCTCTA 


6613 


TAGAGGCCATGCGGAACCTGGGAGATCTGAGACTGGCCATTTGG 
GGGAGGGAGAAGG 1 1 1 AGGTGGGGATAGGGTTCAGTCTCAGAGC 
CATTGATGAGTAAAGATTAAATGAATCAGAAGA 


6614 


TCCCCACCIAAACCTTC 


6615 


GAAGGTTTAGGTGGGGA 


6616 
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Mt*T«g««t 
Alteration 


I ■ . , ' .. . ' v > ' 




Increased stearate 

stearoyl-ACP 

desaturase 


CTTTACTCATCAATGGCTCTGAGACTGAACCCTATCCCCACCCAAA 

CCTTCTCCCTCCCCTAAATGGCCAGTCTCAGATCTCCCAGGTTCC 

GCATGGCCTCTACCCTCCGCTCCGGTTCCA 


6617 


Glycine max 

Gln17Term 

CAA-TAA 


TGGAACCGGAGCGGAGGGTAGAGGCCATGCGGAACCTGGGAGAT 

CTGAGACTGGCCATTTAGGGGAGGGAGAAGGTTTGGGTGGGGAT 

AGGGTTCAGTCTCAGAGCCATTGATGAGTAAAG 


6618 




CCCTCCCCIAAATGGCC 


6619 




GGCCATTTAGGGGAGGG 


j 6620 


Increased stearate 

stearoyl-ACP 

aesaiurase 


GCTCTGAGACTGAACCCTATCCCCACCCAAACCTTCTCCCTCCCC 
CAAATGGCCAGTCTCIGATCTCCCAGGTTCCGCATGGCCTCTACC 
ptp po ptpppottpp a a a a cxnrmh a a at a 

U 1 OOov 1 OL»oo 1 1 LrLrMAAoMoo 1 1 oAAAA 1 M 


6621 


Glycine max 
Arg22Term 

MOM- 1 On 


TATTTTCAACCTCTTTGGAACCGGAGCGGAGGGTAGAGGCCATGC 
GGAACCTGGGAGATCAGAGACTGGCCATTTGGGGGAGGGAGAAG 
r^TTTr5^r^Tr^^r:r^ATAnnr5TTPAnTPTPAr5Ar;p 

O 1 II OOO 1 OOOOA 1 MUUU 1 1 UAO 1 U 1 LrAoAoO 


6622 




CCAGTCTCTCATCTCCC 


6623 




GGGAGATCAGAGACTGG 


6624 


Increased stearate 

stearoyl-ACP 

oesaturase 


CAAATGGCCAGTCTCAGATCTCCCAGGTTCCGCATGGCCTCTACC 
CTCCGCTCCGGTTCCIAAGAGGTTGAAAATATTAAGAAGCCATTCA 

PTPPTPPPAP AP A APTPPATPTTP A APT A A 
\j 1 1 OLrUAoAoAAo 1 ooA loll UAAo 1 AA 


6625 


Glycine max 
Lys37Term 

AAA TA A 

AAA-TAA 


TTACTTGAACATGCACTTCTCTGGGAGGAGTGAATGGCTTCTTAAT 

A7TTTCAACCTCTTAGGAACCGGAGCGGAGGGTAGAGGCCATGCG 

GMCCTGGGAGATCTGAGACTGGCCATTTG 


6626 




CCGGTTCCTAAGAGGTT 


6627 




AACCTCTTAGGAACCGG 


6628 


Increased stearate 

stearoyl-ACP 

aesaturase 


CAACAAGCACACACAAGAACAACATCAACAATGGCGATTCGCATCA 
ATACGGCGACGTTTIAATCAGACCTGTACCGTTCATTCGCGTTTCC 

TP A A PPP A A A PPTPTP A P ATPTP PP A A AT 
1 LrAAUUoAAAUO 1 U 1 OAoA 1 U 1 ulA/AAA 1 


6629 


Helianthus annuus 
Gln11Term 

PAA-TAA 

LrMM- 1 MM 


ATTTGGGAGATCTGAGAGGTTTCGGTTGAGGAAACGCGAATGAAC 
GGTACAGGTCTGATTAAAACGTCGCCGTATTGATGCGAATCGCCA 

TTPTTi^ ATPTTPTTPTTPT^TPTPPTTriTTP 

IIOll OA lOI lOl IUI lOlOlOl OLr 1 1 O II O 


6630 




CGACGTTTIAATCAGAC 


6631 




GTCTGATTAAAACGTCG 


6632 


Increased stearate 

stearoyl-ACP 

desaturase 


AAGCACACACAAGAACAACATCAACAATGGCGATTCGCATCAATAC 
GGCGACGTTTCAATGAGACCTGTACCGTTCATTCGCGTTTCCTCAA 
CCGAAACCTCTCAGATCTCCCAAATTCGC 


6633 


Helianthus annuus 

Ser12Term 

TCA-TQA 


GCGAATTTGGGAGATCTGAGAGGTTTCGGTTGAGGAAACGCGAAT 
GAACGGTACAGGTCTCATTGAAACGTCGCCGTATTGATGCGAATC 
GCCATTGTTGATGTTGTTCTTGTGTGTGCTT 


6634 
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mm Targeted 








GTTTCAATGAGACCTGT 


6635 


ACAGGTCTCATTGAAAC 


6636 


Increased stearate 

stearoyl-ACP 

aesaiurase 

Helianthus annuus 

Tyr15Term 

TAC-TAG 


AAGAACAACATCAACAATGGCGATTCGCATCAATACGGCGACGTTT 
CAATCAGACCTGTAGCGTTCATTCGCGTTTCCTCAACCGAAACCTC 

TPAf2ATPTPPPAAATTPf2PPATftPPTTPP 
1 OAUA 1 0 1 UV/OAAA 1 1 OoOuA 1 bbU 1 I 


6637 


GGAAGCCATGGCGAATTTGGGAGATCTGAGAGGTTTCGGTTGAGG 
AAACGCGAATGAACGCTACAGGTCTGATTGAAACGTCGCCGTATT 

fiATfirfiAATPRrrATTfiTTfiATfiTTfiTTrTT 

Ort 1 \J\j\3nl\ 1 V^V3V^OM 1 1 V3 1 1 Ort IUI IUI 1 O 1 1 


6638 


GACCTGTAGCGTTCATT 


6639 


AATGAACGCTACAGGTC 


6640 


Increased stearate 

stearoyl-ACP 

desaturase 

Helianthus annuus 

Ser17Term 

TCA-TGA 


CAACATCAACAATGGCGATTCGCATCAATACGGCGACGTTTCAATC 
AGACCTGTACCGTTGATTCGCGTTTCCTCAACCGAAACCTCTCAGA 

TnYVP A A ATTPfW ATP/^PTTPr'APP AT 
IUIOOOAAAI lOoOOAIboOl IUOAUOAI 


6641 


ATGGTGGAAGCCATGGCGAATTTGGGAGATCTGAGAGGTTTCGGT 
TGAGGAAACGCGAATCAACGGTACAGGTCTGATTGAAACGTCGCC 
GTATTGATGCGAATCGCCATTGTTGATGTTG 


6642 


GTACCGTTGATTCGCGT 


6643 


ACGCGMTCAACGGTAC 


6644 


Increased stearate 

stearoyl-ACP 

aesaturase 

Helianthus annuus 

Arg4Term 

CGA-TGA 


ACACACAACACACACTCAATCACACACACATCATCATCTTCTTCAIC 
MCGATGGCGCTTTGAATGAGTCCGGTGACGCTTCAACGGGAGAT 

A T ATPPTTP AT A P A PTTTTP ATP A ATPtO A 
AIAIOUI IOAIAOAOI 1 1 1 OAAI UUA 


6645 


TCGATTGATGAAAAGTGTATGAAGGATATATCTCCCGTTGAAGCGT 
CACCGGACTCATTCAAAGCGCCATCGTTGATGAAGAAGATGATGA 

TriTRTRTftTRATTfiARTRTftTfiTTftTRTRT 
IOIUIUIUI Un 1 i UnU IUIUIUI lulUIUI 


6646 


TGGCGCT7TGAATGAGT 


6647 


ACTCATTCAAAGCGCCA 


6648 


Increased stearate 

stearoyl-ACP 

desaturase 

Helianthus annuus 

Gln11Term 

CAA-TAA 


ACACACACATCATCATCTTCTTCATCAACGATGGCGCTTCGAATGA 
GTCCGGTGACGCTTTAACGGGAGATATATCCTTCATACACTTTTCA 

-rr\K AT7" , /" > A A A A ATr>TOA^ ATPTTT'TA A AT 

1 OAA 1 LbAAAAA 1 0 1 OAbA 1 0 1 GO 1 AAA 1 


6649 ! 


ATTTAGGAGATCTGAGATTTTTCGATTGATGAAAAGTGTATGAAGG 
ATATATCTCCCGTTAAAGCGTCACCGGACTCATTCGMGCGCCAT 
CGTTGATGAAGAAGATGATGATGTGTGTGT 


6650 


TGACGCTTTAACGGGAG 


6651 


CTCCCGTTAAAGCGTCA 


6652 
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iiii 

;••••■••*".; 


Increased stearate 

stearoyl-ACP 

aesaturase 


ACATCATCATCTTCTTCATCAACGATGGCGCTTCGAATGAGTCCGG 
TGACGCTTCAACGGIAGATATATCCTTCATACACTTTTCATCAATCG 

A A A A ATPTP A Ct ATPTPPT A A ATTPf^P ft A 


6653 


Helianthus annuus 
Glu13Term 


ICGCGAAI 1 IAGGAGAICIGAGAI 1 1 1 ICGAI IGAIGAAAAGIGIA 
TGAAGGATATATCTACCGTTGAAGCGTCACCGGACTCATTCGAAG 

PftPP ATPftTTfiATfiAAfiAAnATfiATfiATftT 


6654 




TTCAACGGIAGATATAT 


6655 




ATATATCTACCGTTGAA 


6656 


Increased stearate 

stearoyl-ACP 

oesaiurase 


ATCTTCTTCATCAACGATGGCGCTTCGAATGAGTCCGGTGACGCTT 
CAACGGGAGATATAGCCTTCATACACTTTTCATCAATCGAAAAATCT 

PAf2ATPTPPTAAATTPftPf2ATftftPTTPP 


6657 


Helianthus annuus 
Tyr15Term 

TAT T A O 

TAT-TAG 


GGMGCCATCGCGMmAGGAGATCTGAGATTTTTCGATTGATGA 

AAAGTGTATGAAGGCTATATCTCCCGTTGAAGCGTCACCGGACTC 

ATTCGAAGCGCCATCGTTGATGAAGAAGAT 


6658 




GAGATATAGCCTTCATA 


6659 




TATGAAGGCTATATCTC 


6660 


Increased stearate 

stearoyl-ACP 

desaturase 


AACTCAGCCAGCTTGCCCCCAAACAACAGCGCAGAAAAACCTTCA 

ACAACAATGGCTCTCIAGCTCAACCCAGTCACCACCTTCCCTTCAA 
p a f x r % HTf > nr i m aapaa pttptpptpp a p at 


6661 


Unum usitatissimum 
Lys4Term 

AAft-TAft 


ATCTGGAGGAGAAGTTGTTGAGGGAGCGTGTTGAAGGGAAGGTG 
GTGACTGGGTTGAGCTAGAGAGCCAnGTTGTTGMGGTTTTTCTG 

rftrTftTTftTTTftftftftftrtLbftCTftftCTftLftTT 


6662 




TGGCTCTCIAGCTCAAC 


6663 




GTTGAGCTAGAGAGCCA 


6664 


Increased stearate 

stearoyl-ACP 

desaturase 


GCGCAGAAAAACCTTCAACAACAATGGCTCTCAAGCTCAACCCAG 

TCACCACCTTCCCTTGAACACGCTCCCTCAACAACTTCTCCTCCAG 

ATCTCCTCGCACCTTTCTCATGGCTGCTTC 


6665 


Linum usitatissimum 

Ser13Term 

TCA-TGA 


GAAGCAGCCATGAGAAAGGTGCGAGGAGATCTGGAGGAGAAGTT 
GTTGAGGGAGCGTGTTCAAGGGAAGGTGGTGACTGGGTTGAGCT 
TGAGAGCCATTGTTGTTGAAGG 1 1 1 1 1 CTGCGC 


6666 




CTTCCCTTGAACACGCT 


6667 




AGCGTGTTCAAGGGAAG ! 


6668 


Increased stearate 

stearoyl-ACP 

desaturase 


CTCAAGCTCAACCCAGTCACCACCTTCCCTTCAACACGCTCCCTC 
AACAACTTCTCCTCCTGATCTCCTCGCACCTTTCTCATGGCTGCTT 
CCACTTTCAATTCCACCTCCACCAAGTAAG ! 


6669 


Linum usitatissimum 

Arg23Term 

AGA-TGA 


CTTACTTGGTGGAGGTGGAATTGAAAGTGGAAGCAGCCATGAGAA 
AGGTGCGAGGAGATCAGGAGGAGAAGTTGTTGAGGGAGCGTGTT 
GAAGGGAAGGTGGTGACTGGGTTGAGCTTGAG 


6670 
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TCTCCTCCIGATCTCCT 


6671 


AGGAGATCAGGAGGAGA 


6672 


Increased stearate 
stearoyl-ACP 

UCOdLUI aoC 

Linum us'rtatissimum 

Lys41Term 

AAG-TAG 


TCCTCCAGATCTCCTCGCACCTTTCTCATGGCTGCTTCCACTTTCA 
ATTCCACCTCCACCTAGTAAGCATCTCCTCCTCCTCGGAATCTCCG 
rrfiATTTrTTTTAAfinfiATTGATCGTAGA 


6673 


TCTACGATCAATCGCTTAAAAGAAATCGGCGGAGATTCCGAGGAG 
GAGGAGATGCTTACTAGGTGGAGGTGGAATTGAAAGTGGAAGCAG 

OLA 1 bAbAAAbb 1 bbbAbbAbA 1 L» 1 bbAbbA 


6674 


CCTCCACCTAGTAAGCA 


6675 


TGCTTACTAGGTGGAGG 


6676 


Increased stearate 

stearoyl-ACP 

uesaiurase 

O/ea europaea 

Arg21Term 

AGA-TGA 


ATGGCACTGAAACTTTGCTTTCCACCCCACAAGATGCCTTCCnCC 
CCGATGCTCGTATCIGATCTCACAGGGTTTTCATGGCTTCAACTAT 

TPATTPTPPTTPTATftftAftftTPftftAAAAft 


6677 


CTTTTCCGACCTCCATAGAAGGAGAATGAATAGTTGAAGCCATGAA 
AACCCTGTGAGATCAGATACGAGCATCGGGGAAGGAAGGCATCTT 

O 1 OVJOVJ 1 UO/VV\UunnnU 1 1 1 UnU 1 Own 1 


6678 


CTCGTATCTGATCTCAC 


6679 


GTGAGATCAGATACGAG 


6680 


Increased stearate 

stearoyl-ACP 

desaturase 

O/ea europaea 

Ser29Term 

TCA-TGA 


CCCACAAGATGCCTTCCTTCCCCGATGCTCGTATCAGATCTCACA 
GGGI 1 1 ICATGGCTTGAACTATTCATTCTCCTTCTATGGAGGTCGG 
AAMGTTAAAMGCCTTTCACGCCTCCACG 


6681 


CGTGGAGGCGTGAMGGCTTTTTAACTTTTCCGACCTCCATAGAAG 
GAGAATGAATAGTTCMGCCATGAAAACCCTGTGAGATCTGATACG 

AGCATLbbbbAAbbAAbbOATOTTb 1 bbb 


6682 | 


CATGGCTTGAACTATTC 


6683 


GMTAGTTCAAGCCATG 


6684 


Increased stearate 

stearoyl-ACP 

desaturase 

O/ea europaea 

Glu37Term 

GAG-TAG 


GAIGCICGIAICAGAICICACAGGGI 1 1 ICAIGGCI ICAACIAI IC 
ATTCTCCTTCTATGTAGGTCGGAAAAGTTAAAAAGCCTTTCACGCC 

Tpp A r*r* A P A PPT A P ATPTTP A A PT A A PPP 

1 OLAObAbAbvj 1 AUA loll UAAb 1 AAOUU 


6685 


GGGTTACnGMCATGTACCTCTCGTGGAGGCGTGAMGGCTTTTT 
MCTTTTCCGACCTACATAGAAGGAGAATGAATAGTTGAAGCCATG 
AAAACCCTGTGAGATCTGATACGAGCATC 


6686 


CTTCTATGTAGGTCGGA 


6687 


TCCGACCTACATAGAAG 


6688 
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Increased stearate 

stearoyl-ACP 

desaturase 

Olea europaea 

Gly39Term 

GGA-TGA 


CGTATCAGATCTCACAGGGTTTTCATGGCTTCAACTATTCATTCTC 

CTTCTATGGAGGTCTGAAAAGTTAAAAAGCCTTTCACGCCTCCACG 

AGAGGTACATGTTCAAGTAACCCATTCCT 


6689 


AGGAATGGGTTACTTGAACATGTACCTCTCGTGGAGGCGTGAAAG 
GCI 1 1 1 1 AACTTTTCAGACCTCCATAGAAGGAGAATGAATAGTTGA 
AGCCATGAAAACCCTGTGAGATCTGATACG 


6690 


I OVjAvjVj 1 OJoAAAAlj 1 1 


6691 


AACTTTTOARACCTCCA 


6692 


Increased stearate 

stearoyl-ACP 

desaturase 

Persea americana 

Lys4Term 

AAA-TAA 


1 IGICGITI 1 IGrCGTCCCC'ICTGCTCICTCTCTCTATCAGGCACG 
GAGAAATGGCACTGTAACTCAGTCCAGTCATGTTTCAATCTCAGAA 
GCTTCCATTTCTTGCCTCCTATCCGCCTT 


6693 


AAGGCGGATAGGAGGCAAGAAATGGAAGCTTCTGAGATTGAAACA 
TGACTGGACTGAGTTACAGTGCCATTTCTCCGTGCCTGATAGAGA 
GAGAGAGCAGAGGGGACGACAAAAACGAGAA 


6694 


TGGCACTGTAACTCAGT 


6695 




6696 


Increased stearate 

stearoyl-ACP 

desaturase 

Persea americana 

Gln11Term 

CAA-TAA 


CTGCTCTCTCTCTCTATCAGGCACGGAGAAATGGCACTGAAACTC 

AGTCCAGTCATGTTTTAATCTCAGAAGCTTCCATTTCTTGCCTCCTA 

TCCGCCTTCCAATCTCAGATCTCCGAGGG 


6697 


CCCTCGGAGATCTGAGATTGGAAGGCGGATAGGAGGCAAGAAAT 

GGAAGCTTCTGAGATTAAAACATGACTGGACTGAGTTTCAGTGCCA 

TTTCTCCGTGCCTGATAGAGAGAGAGAGCAG 


6698 


1 OA 1 vj 1 1 1 _IAA 1 0 1 U Ao 


6699 


PTCAfiATTAAAArATftA 


6700 


Increased stearate 

stearoyl-ACP 

desaturase 

Persea americana 

Gln13Term 

CAG-TAG 


TCTCTCTCTATCAGGCACGGAGAAATGGCACTGAAACTCAGTCCA 
GTCATGTTTCAATCTIAGAAGCTTCCATTTCTTGCCTCCTATCCGC 
CTTCCAATCTCAGATCTCCGAGGG 1 1 1 ICA 


6701 


TGAAAACCCTCGGAGATCTGAGATTGGAAGGCGGATAGGAGGCAA 
GAAATGGAAGCTTCTAAGATTGAAACATGACTGGACTGAGTTTCAG 
TGCCATTTCTCCGTGCCTGATAGAGAGAGA 


6702 


TTCAATCTTAGAAGCTT 


6703 


AAGCTTCTAAGATTGAA 


6704 


Increased stearate 

stearoyl-ACP 

desaturase 

Persea americana 

Lys14Term 

MG-TAG 


CTCTCTATCAGGCACGGAGAAATGGCACTGAAACTCAGTCCAGTC 

ATGTTTCAATCTCAGTAGCTTCCATTTCTTGCCTCCTATCCGCCTTC 

CAATCTCAGATCTCCGAGGGTTTTCATGG 


6705 


CCATGAAAACCCTCGGAGATCTGAGATTGGAAGGCGGATAGGAGG 
CAAGAAATGGAAGCTACTGAGATTGAMCATGACTGGACTGAGTTT 
CAGTGCCATTTCTCCGTGCCTGATAGAGAG 


6706 
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AATCTCAGTAGCTTCCA 


6707 




TGGAAGCTACTGAGATT 


6708 


increased stearate 
stearoyl-ACP 

UCOdlUJ dOC 


CCCCGAGATCT CGCTGCCGCTGCTCATGGCGT 1 CGCGGCGTCCC 
ACACCGCATCGCCGTAGTCCTGCGGCGGCGTGGCGCAGAGGAG 
GAGCAATGGGATGTCGAAGATGGTGGCCATGGCC 


6709 


Oryza sativa 

Tyr12Term 

TAC-TAG 


GGCCATGGCCACCATCTTCGACATCCCATTGCTCCTCCTCTGCGC 
CACGCCGCCGCAGGACTACGGCGATGCGGTGTGGGACGCCGCG 
AACGCCATGAGCAGCGGCAGCGAGATCTCGGGG 


6710 




TCGCCGTAGTCCTGCGG 


6711 




CCGCAGGACTACGGCGA 


6712 


Increased stearate 

stearoyl-ACP 

desaturase 


CTGCTCATGGCGTTCGCGGCGTCCCACACCGCATCGCCGTACTC 
CTGCGGCGGCGTGGCGTAGAGGAGGAGCAATGGGATGTCGAAGA 
TGGTGGCCATGGOo 1 LOAOLAI OAALAGGb 1 OA 


6713 


Oryza sativa 
Gln19Term 

Uno- 1 fvJ 


TGACCCTGTTGATGGTGGAGGCCATGGCCACCATCTTCGACATCC 
CATTGCTCCTCCTCTACGCCACGCCGCCGCAGGAGTACGGCGAT 
f^p cifiTrymnn a nr^nnc^r^n a a p^p p at^s a ftp Aft 

bUbb 1 io 1 w^w^wwwwwwwMMwwwwM 1 VZMOwMw" 


6714 




GCGTGGCGIAGAGGAGG 


6715 




CCTCCTCTACGCCACGC 


6716 


Increased stearate 
stearoyl-ACP 

UcodlUI doc 


CCCACACCGCATCGCCGTACTCCTGCGGCGGCGTGGCGCAGAG 
GAGGAGCAATGGGATGTAGAAGATGGTGGCCATGGCCTCCACCA 
TCAACAGGGTCAAGACTGCTAAGAAGCCCTACAC 

1 Wfv\W/YWV«J W 1 unnvnu 1 WW I #w*W/i#VWWWW ■ nunv 


6717 


Oryza sativa 

Ser26Term 

TCG-TAG 


GTGTAGGGCTTCTTAGCAGTCTTGACCCTGTTGATGGTGGAGGCC 
ATGGCCACCATCTTCIACATCCCATTGCTCCTCCTCTGCGCCACG 
CCGCCGCAGGAGTACGGCGATGCGGTGTGGG 


\ 6718 




TGGGATGTAGMGATGG 


6719 




CCATCHCIACATCCCA 


6720 


Increased stearate 
stearoyl-ACP 

UcodlUl doc 


CACACCGCATCGCCGTACTCCTGCGGCGGCGTGGCGCAGAGGAG 
GAGCAATGGGATGTCGIAGATGGTGGCCATGGCCTCCACCATCAA 
CAGGGTCAAGACTGCTAAGAAGCCCTACACTC 

unuuv I vnnvjnw I ww i rv^wrv^wwww i nunu i w 


6721 


Oryza sativa 

Lys27Term 

AAG-TAG 


GAGTGTAGGGCTTCTTAGCAGTCTTGACCCTGTTGATGGTGGAGG 
CCATGGCCACCATCTACGACATCCCATTGCTCCTCCTCTGCGCCA 
CGCCGCCGCAGGAGTACGGCGATGCGGTGTG 


; 6722 




GGATGTCGIAGATGGTG 


6723 




CACCATCTACGACATCC 


6724 
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Increased stearate 

stearoyl-ACP 

aesaiurase 

Simmondsia chinensis 

Leu3Term 

TTG-TAG 


TTCTCTCTCTAGOTTGAGCGGTrACCMCAGAAGCACTTAGGAGA 
GAGAAGCAATGGCGTAGAAGCTTCACCACACGGCCTTCAATCCTT 

A/^ A T* A ^\ / '\ f 1 A A AT ATT A /> A A 1 1 1 A AT/"N^> 

CCATGGCGGTTACCTCTTCGGGACTTCCTCG 


6725 


CGAGGAAGTCCCGAAGAGGTAACCGCCATGGMGGATTGAAGGC 
CGTGTGGTGAAGCTTCIACGCCATTGCTTCTCTCTCCTAAGTGCTT 

A'l'^VI 1 /NAT A A A A A ATA A A A^VT" A A A /"* A A /"> A A 

CTGTTGGTAACCGCTCAACCTAGAGAGAGAA 


6726 


AATGGCGTAGAAGCTTC 


6727 


GAAGCTTCTACfiCCATT 


6728 


Increased stearate 

stearoyl-ACP 

desaturase 

Simmondsia chinensis 

Lys4Term 

AAG-TAG 


CTCTCTCTAGGTTGAGCGGTTACCAACAGAAGCACTTAGGAGAGA 
GAAGCAATGGCGTTGTAGCTTCACCACACGGCCTTCAATCCTTCC 
ATGGCGGTTACCTCTTCGGGACTTCCTCGAT 


6729 


ATCGAGGAAGTCCCGAAGAGGTAACCGCCATGGAAGGATTGAAG 
GCCGTGTGGTGAAGCTACAACGCCATTGCTTCTCTCTCCTAAGTG 
CTTCTGTTGGTAACCGCTCAACCTAGAGAGAG . 


6730 




6731 


GTGAAGCTACAACGCCA 


6732 


Increased stearate 

stearoyl-ACP 

aesaiurase 

Simmondsia chinensis 

Ser19Term 

TCG-TAG 


AAGCMTGGCGTTGAAGCTTCACCACACGGCCTTCAATCCTTCCAT 
GGCGGTTACCTCTTAGGGACTTCCTCGATCGTATCACCTCAGATC 

^T^\ A ^\ A ^\ f\ ATTTTA A T^> /"> ATTATTTAT A A A A T 

TCACCGCGI 1 1 ICATGGCTTCTTCTACAAT 


6733 


ATTGTAGAAGAAGCCATGAAAACGCGGTGAGATCTGAGGTGATAC 
GATCGAGGAAGTCCCIAAGAGGTAACCGCCATGGAAGGATTGAAG 

AAA ATATA ATA A A A ATT A Jl A AAAAATTA/\'I ■' 

GCCGTGTGGTGAAGCTTCAACGCCATTGCTT 


6734 


TACCTCTTAGGGACTTC 


6735 


GAAGTCCCTAAGAGGTA 


6736 


Increased stearate 
stearoyl-ACP 

UcodLUI doc 

Simmondsia chinensis 

Giy20Term 

GGA-TGA 


GCAATGGCGTTGAAGCTTCACCACACGGCCTTCAATCCTTCCATG 

GCGGTTACCTCTTCGTGACTTCCTCGATCGTATCACCTCAGATCTC 

ACCGCGTTTTCATGGCTTCTTCTACAATTG 


6737 


CAATTGTAGAAGMGCCATGAAAACGCGGTGAGATCTGAGGTGAT 

ACGATCGAGGAAGTCACGAAGAGGTAACCGCCATGGAAGGATTGA 

AGGCCGTGTGGTGAAGCTTCAACGCCATTGC 


6738 


CCTCTTCGIGACTTCCT 


6739 


AGGAAGTCACGAAGAGG 


6740 


Increased stearate 

stearoyl-ACP 

desaturase 

Spinacia oleracea 

Ser21Term 

TCA-TGA 


TGGCTCTGAATCTCAACCCCGTTTCCACACCATTTCAGTG 1 CG 1 CG 
ATTGCCGTCT7TCTGACCTCGTCAAACGCCTTCTCGCAGATCTCCC 
AAATTCTTCATGGCTTCCACTCTCAGCAG 


6741 


CTGCTGAGAGTGGAAGCCATGAAGAATTTGGGAGATCTGCGAGAA 
GGCGTTTGACGAGGTCAGAAAGACGGCAATCGACGACACTGAAAT 
GGTGTGGAAACGGGGTTGAGATTCAGAGCCA 


6742 



WO 01/92512 



-187- 



PCT/US01/17672 



Phenotype, Gene, 


> 

~ < A! 

' ' •. -• V . *+\ 

: . ,y ' 

s , £ , , , ^ ^ / S 

/.V : • • : :: •• ,• • ; • , : ' : • x ■■■V- \ • ■ : • . : : ,y.V.V; -.V -■■ ■ 




we 




GTCTTTCTGACCTCGTC 


6743 


GACGAGGTCAGAAAGAC 


6744 


Increased stearate 

stearoyl-ACP 

desaturase 

Spinacia oleracea 

Gln24Term 

CAA-TAA 


AATCTCAACCCCGTTTCCACACCATTTCAGTGTCGTCGATTGCCGT 

CTTTCTCACCTCGTrAAACGCCTTCTCGCAGATCTCCCAAATTCTT 

CATGGCTTCCACTCTCAGCAGCTCTTCTC 


6745 


GAGAAGAGCTGCTGAGAGTGGAAGCCATGAAGAATTTGGGAGATC 

TGCGAGAAGGCGTTTAACGAGGTGAGAAAGACGGCAATCGACGA 

CACTGAAATGGTGTGGAAACGGGGTTGAGATT 


6746 


CACCTCGTTAAACGCCT 


6747 


AGGCGTTTAACGAGGTG 


6748 


Increased stearate 
stearoyl-ACP 

ripcati iracp 

UCOCUUI dOC 

Spinacia oleracea 

Arg29Term 

AGA-TGA 


TCCACACCATTTCAGTGTCGTCGATTGCCGTCTTTCTCACCTCGTC 
AAACGCCTTCTCGCIGATCTCCCAAATTCTTCATGGCTTCCACTCT 
LAGUAbGTol IGIOGIAAGGMGLGGAAA 


6749 


TTTCCGCTTCCTTAGGAGAAGAGCTGCTGAGAGTGGAAGCCATGA 
AGAATTTGGGAGATCAGCGAGAAGGCG 1 1 1 GACGAGGTGAGAAAG 

A f>i"*Of^ A ATP^A^Af»AOTr*A A ATPPTPT^A 

ACGGCAATCGACGACACTGAAATGGTGTGbA 


6750 


CTTCTCGCIGATCTCCC 


6751 


GGGAGATCAGCGAGAAG 


6752 


Increased stearate 
stearoyl-ACP 

UCOCIIUI OOw 

Spinacia oleracea 

Lys32Term 

AAA-TAA 


TTTCAGTGTCGTCGATTGCCGTCTTTCTCACCTCGTCAAACGCCTT 
CTCGCAGATCTCCCTAATTCTTCATGGCTTCCACTCTCAGCAGCTC 
TTCTCCTAAGGAAGCGGAAAGCCTGAAGA 


6753 


TCTTCAGGCTTTCCGCTTCCTTAGGAGAAGAGCTGCTGAGAGTGG 
AAGCCATGAAGAATTAGGGAGATCTGCGAGAAGGCGTTTGACGAG 
GTGAGAAAGACGGCAATCGACGACACTGAAA 


6754 


GATCTCCCIAATTCTTC 


6755 


GAAGAATTAGGGAGATC 


6756 


Increased stearate 

stearoyl-ACP 

□esaiurase 

Solanum tuberosum 

LeulOTerm 

TTA-TGA 


AAATAGTCGAGGTGAAAAAC 
CAATGGGGTGTCGTGAAAA" 
TCTTCAGCCAGATCTGAGC( 


;agagcatcaacaatggcactgmtat 

rCTCACAAAATGTTACCATTTCCTTGT 
3AGIIIICAT 


6757 


ATGAAAACTCGCTCAGATCTGGCTGAAGAACAAGGAAATGGTAACA 
1 1 1 IGIGAGAI 1 1 1 CACGACACCCCATTGATATTCAGTGCCATTGTT 
GATGCTCTGI 1 1 1 ICACCTCGACTATTT. 


6758 


GGTGTCGTGAAAATCTC 


6759 


GAGATTTTCACGACACC 


6760 
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Increased stearate 

stearoyl-ACP 

desaturase 

Solanum tuberosum 

Lys11Term 

AAA-TAA 


ATAGTCGAGGTGAAAAACAGAGCATCAACAATGGCACTGAATATCA 
ATGGGGTGTCGTTATMTCTCACAAMTGTTACCATTTCCTTGTTCT 
TCAGCCAGATCTGAGCGAGI 1 1 ICATGG 


6761 


CCATGAAAACTCGCTCAGATCTGGCTGAAGAACAAGGAAATGGTA 
ACATTTTGTGAGATTATAACGACACCCCATTGATATTCAGTGCCATT 
GTTGATGOTCTG 1 1 1 1 1 OAOO 1 l»bAO 1 A 1 


6762 


TGTCGTTAIAATCTCAC 


6763 


GTGAGATTATAACGACA 


6764 


Increased stearate 

stearoyl-ACP 

aesauirase 

Solanum tuberosum 

Lys14Term 

AAA-TAA 


GTGAAAAACAGAGCATCAACAATGGCACTGAATATCAATGGGGTGT 
CGTTAAMTCTCACIAMTGTTACCATTTCCTTGTTCTTCAGCCAGA 

TPTPA^PCA^I 1 1 1 PATftftPTTPAAPPA 
1 O I 0A0 v wvj MM L*A 1 OUU 1 1 UAAOL/A 


6765 


TGGTTGAAGCCATGAAAACTCGCTCAGATCTGGCTGAAGAACAAG 
GAMTGGTMCATnAGTGAGATTTTAACGACACCCCATTGATATTC 
a nunc r bTTCzrm &~mnr , TCi 1 1 1 1 1 pap 

nO 1 UliUA Mull \3r\ 1 OV-» 1 O 1 V3 1 1 1 1 1 


6766 


AATCTCACIAAATGTTA 


6767 


TAACATTTAGTGAGATT 


6768 


Increased stearate 

stearoyl-ACP 

aesauirase 

Solanum tuberosum 

Leu16Term 

TTA-TGA 


ACAGAGCATCAACAATGGCACTGAATATCAATGGGGTGTCGTTAAA 
ATCTCACAAMTGTGACCATTTCCTTGTTCTTCAGCCAGATCTGAG 

PP A fTrrrTC ATftftPTTP a a pp attp atp^ 
OoAo MM OA 1 boO 1 1 LrAAL»OA 1 1 L»A 1 


6769 


CGATGAATGGTTGAAGCCATGAAAACTCGCTCAGATCTGGCTGAA 
GMCMGGAMTGGTCACATTrrGTGAGATTTTAACGACACCCCAT 
TGATATTCAGTGCCATTGTTGATGCTCTGT 


6770 


CAAAATGTGACCATTTC 


6771 


GAAAIGGICACAI 1 1 IG 


6772 


Increased stearate 

stearoyl-ACP 

aesauirase 

Aracft/s hypogaea 

Ser21Term 

TCA-TGA 


TGGCTCTGAGGCTGAACCCTAACCCTTCACAGAAGCTCTTTCTCTC 
TCCTTCTTCATCATGATCTTCTTCTTCTTCATCGTTCTCGCTTCCTC 

AAATftftPTAftPPTPAftATPTPPAAftftTT 
AAA 1 ooU 1 AoLrO 1 uAoA 1 L# 1 OOAAoVj 1 1 


6773 


AACCTTGGAGATCTGAGGCTAGCCATTTGAGGAAGCGAGAACGAT 
GAAGAAGAAGAAGATCATGATGAAGAAGGAGAGAGAAAGAGCTTC 

TPTP A A ftPftTT A PP^iTTP A ftPPTP A ft AftP P A 
1 o 1 oAAooo 1 1 AV3VJO 1 1 UnUUU 1 OAUAoOLrA 


6774 


TTCATCATGATCTTCTT 


6775 


AAGAAGATCATGATGAA 


6776 


Increased stearate 

stearoyl-ACP 

desaturase 

Arachis hypogaea 

Ser26Term 

TCA-TGA 


ACCCTMCCCTTCACAGAAGCTCTTTCTCTCTCCTTCTTCATCATCA 

TCTTCTTCTTCTTGATCGTTCTCGCTTCCTCAAATGGCTAGCCTCA 

GATCTCCAAGGTTCCGCATGGCCTCCAC 


6777 


GTGGAGGCCATGCGGAACCTTGGAGATCTGAGGCTAGCCATTTGA 
GGAAGCGAGAACGATCAAGAAGAAGAAGATGATGATGAAGAAGGA 
GAGAGAAAGAGCTTCTGTGAAGGGTTAGGGT 


6778 
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TTCTTCTTGATCGTTCT 


6779 




AGAACGATCAAGAAGAA 


6780 


Increased stearate 
stearoyl-ACP 

CJcodlUI doc 


CTAACCCTTCACAGAAGCTCTTTCTCTCTCCTTCTTCATCATCATCT 

TCTTCTTCTTCATAGTTCTCGCTTCCTCAAATGGCTAGCCTCAGAT 

PTrCAAGGTTCCGCATGGCCTCCACCCT 


6781 


Arachis hypogaea 
Ser27Term 


AGGGTGGAGGCCATGCGGAACCTTGGAGATCTGAGGCTAGCCAT 
TTGAGGAAGCGAGAACIATGMGAAGAAGAAGATGATGATGAAGA 
AGGAGAGAGAAAGAGCTTCTGTGAAGGGTTAG 


6782 




TTCTTCATAGTTCTCGC 


6783 




GCGAGAACTATGAAGAA 


6784 


Increased stearate 

stearoyl-ACP 

aesaiurase 


CTTCACAGAAGCTCTTTCTCTCTCCTTCTTCATCATCATCTTCTTCT 
TCTTCATCGTTCTAGCTTCCTCAAATGGCTAGCCTCAGATCTCCAA 
GGTrrrnrATGnrnTnoAnncTCCGCAC 


6785 


Arachis hypogaea 

Ser29Term 

TCG-TAG 


GTGCGGAGGGTGGAGGCCATGCGGAACCTTGGAGATCTGAGGCT 
AGCCATTTGAGGAAGCIAGAACGATGAAGAAGAAGAAGATGATGA 
TGAAGAAbvjAbAoAoAAAoAoU 1 I L. 1 u 1 VjAAb 


6786 




ATCGTTCTAGCTTCCTC 


6787 




GAGGAAGCIAGAACGAT 


6788 


Increased stearate 
stearoyl-ACP 

UcSalUlaSc 


AAAGTTAAAAGCCGTCCAAAACCCAAACCAGGAAAGGCAAACGAA 
AAGAAAAAATGGCTTAGAA 1 1 1 1 AATGCCATCGCCTCGAAATCTCA 
GAAGPTrrrTrGPTTTGnTnTTCCACCAAA 


6789 


Gossypium hirsutum 
Leu3Term 

TTR-TAR 

1 1 Cr 1 r\VJ 


TTTGGTGGAAGAGCAAAGCAAGGGAGCTTCTGAGATrTCGAGGCG 
ATGGCATTAAAATTCIAAGCCAI 1 1 1 1 1 CTTTTCGTTTGCCTTTCCT 
GGTTTGGGI 1 1 1 GGACGGHTI 1 1 AACTTT 


6790 ; 




AATGGCTTAGAATTTTA 


6791 




TAAMTTCJAAGCCATT 


6792 


Increased stearate 

stearoyl-ACP 

aesaiurase 


CCCAAACCAGGAAAGGCAAACGAAAAGAAAAAATGGCl 1 iGAAl 1 1 
TAATGCCATCGCCTAGAAATCTCAGAAGCTCCCTTGCTTTGCTCTT 
prArrAAAGGrnAnnmTAGATCTCCCAA 


6793 


Gossypium hirsutum 

Ser1-Term 

TCG-TAG 


TTGGGAGATCTAAGGGTGGCCTTTGGTGGAAGAGCAAAGCAAGG 
GAGCTTCTGAGATTTCTAGGCGATGGCATTAAAATTCAAAGCCATT 
TTTTCI 1 1 1 CGTTTGCCTTTCCTGGTTTGGG 


6794 




CATCGCCTAGAAATCTC 


6795 




GAGATTTCIAGGCGATG 


6796 
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Increased stearate 
stearoyl-ACP 

OcbdlUldbt; 

Gossypium hirsutum 

Lys11Term 

AAA-TAA 


CAMCCAGGAMGGCAMCGAAMGAAAAMTGGCTTTGAATTTTA 
ATGCCATCGCCTCGTAATCTCAGAAGCTCCCTTGCTTTGCTCTTCC 
ArrAAAftftrnArrrTTAftATPTrnnAART 

nuunnnOuuunuuU 1 1 nUn l w 1 \jw\/ru"vvj i 


6797 


ACTTGGGAGATCTAAGGGTGGCCTTTGGTGGAAGAGCAAAGCAAG 
GGAGCTTCTGAGATTACGAGGCGATGGCATTAAAATTCAAAGCCA 


6798 


TCGCCTCGJAATCTCAG 


6799 


CTGAGATTACGAGGCGA \ 


6800 


Increased stearate 
stearoyl-ACP 

flop otl ipnefl 

□esaiurasc 
Gossypium hirsutum 
Gln13Term 
CAG-TAG 


AGGAAAGGCAMCGAAMGAAAAMTGGCTTTGMTTTTAATGCCA 
TCGCCTCGAMTCTTAGMGCTCCCTTGCTTTGCTCTTCCACCAAA 
nnrrArrrTTARATPTnfiflAARTTTTCCA 


6801 


TGGAAAACTTGGGAGATCTAAGGGTGGCCTTTGGTGGAAGAGCAA 
AGCMGGGAGCTTCTAAGATTTCGAGGCGATGGCATTAAAATTCAA 
AGCCAI 1 1 1 1 ICI 1 1 1 CGTTTGCCTTTCCT 


6802 


CGAAATCTTAGAAGCTC 


6803 


GAGCTTCTAAGATTTCG 


6804 
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Oligonucleotides to produce plants with reduced linolenic acid 







'SEQ.ID.' 






Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Arabidopsis thaliana 
Ser4Term 
TCG-TAG 


AA 1 AGAACGACAGAGAC 1 1 1 1 ICCICI 1 1 ICI ICI 1 GGGAAGAGGC 
TCCAATGGCGAGCTAGG 1 1 1 IAICAGAAIGIGUI 1 1 IAGACCTCTC 
CCCAGATTCTACCCTAAACACACAACCTC 


6805 


GAGGTTGTGTGTTTAGGGTAGAATCTGGGGAGAGGTCTAAAACCA 

CATTCTGATAAAACCTAGCTCGCCATTGGAGCCTCTTCCCAAGAAG 

AAAAGAGGAAAAAGTCTCTGTCGTTCTATT 


6806 


fznm&fzrTmcz 1 1 1 1 at 


6807 


ATA A A /\ A hf^f^Tr^f^f^f^ 

ATAAAACCAAGCTOGOO 


OOUO 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Arabidopsis thaliana 
Leu6Term 
TTA-TGA 


ACGACAGAGAC 1 1 1 1 1 CC rCTTTTCTTCTTGGGAAGAGGCTCCAAT 
GGCGAGCTCGGTTTGATCAGAATGTGG 1 1 1 IAGACCTCTCCCCAG 
ATTCTACCCTAAACACACAACCTCI 1 1 IGC 


6809 


GCAAAAGAGGTTGTGTGTTTAGGGTAGAATCTGGGGAGAGGTCTA 

AAACCACATTCTGATCAAACCGAGCTCGCCATTGGAGCCTCTTCC 

CAAGAAGAAAAGAGGAAAAAGTCTCTGTCGT 


6810 


CTCGGl 1 IGATCAGAAT 


001 1 


ATTrTP AT/* A A A A O 


fifil? 

UO 1 c 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Arabidopsis thaliana 
Ser7Term 
TCA-TGA 


ACAGAGACI 1 1 1 ICCICI 1 1 ICI ICI 1 GGGAAGAGGCTCCAATGGC 
GAGCTCGGTTTTATGAGAATGTGGTTTTAGACCTCTCCCCAGATTC 
TACCCTAAACACACAACCTCTTTTGCCTC 


6813 


GAGGCAAAAGAGGTTGTGTGTTTAGGGTAGAATCTGGGGAGAGGT 
CTAAAACCACATTCTCATAAAACCGAGCTCGCCATTGGAGCCTCTT 
CCCAAGAAGAAAAGAGGAAAAAGTCTCTGT 


6814 


n.n 1 1 1 1 ATft A A ATCJTfi 
UO 1 1 1 1 Ml OMUnn 1 0 1 VJ 


6815 


PArATTfTnATAAAAnn 

\jt\\jt\ 1 lul wfV 1 nnAAUW 


6816 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Arabidopsis thaliana 
Glu8Term 
GAA-TAA 


AGAGACI 1 1 1 ICCTCI 1 1 ICITCTTGGGAAGAGGCTCCAATGGCGA 
GCTCGGTTTTATCATAATGTGG 1 1 1 1 AGACCTCTCCCCAGATTCTA 
CCCTAAACACACAACCTCI 1 1 IGCCTCTA 


6817 


TAGAGGCAAAAGAGGTTGTGTGTTTAGGGTAGAATCTGGGGAGAG 
GTCTAAAACCACATTATGATAAAACCGAGCTCGCCATTGGAGCCTC 
TTCCCAAGAAGAAAAGAGGAAAAAGTCTCT 


6818 


TTTTATCAIAATGTGGT 


6819 


ACCACATTATGATAAAA 


6820 
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Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Brassica juncea 
Leu4Term 
TTG-TAG 


TCATCAfcnCTTCnCTGGGGAGAGAGA 1 C 1 
AGCAATGGCGAACTAGGTCTTATCCGAATGTGGCATAAGACCTCT 
CCCCAGAATCTACACCACACCCAGATCCAC 


6821 


GTGGATCTGGGTGTGGTGTAGATTCTGGGGAGAGGTCTTATGCCA 
CATTCGGATAAGACCTAGTTCGCCATTGCTAGAGCTCTTTTGCTCT 
CTCTCTCTCCCCAGAAGAAGAAGATGATGA 


6822 


GGCGAACTAGGTCTTAT 


6823 


ATAAGACCIAGTTCGCC 


6824 


Reduced linolenic acid 
omega-3 fatty acid 
oesaturase 
Brassica juncea 
Leu6Term 
TTA-TGA 


TCTTCTTCTTCTGGGGAGAGAGAGAGAGCAAAAGAGCTCTAGCAA 
TGGCGAACTTGGTCTGATCCGAATGTGGCATAAGACCTCTCCCCA 


6825 


AGGAAAGTGGATCTGGGTGTGGTGTAGATTCTGGGGAGAGGTCTT 
ATGCCACATTCGGATCAGACCAAGTTCGCCATTGCTAGAGCTCTTT 
TGOTCTCTCTCTCTCCCCAGAAGAAGAAGA 


6826 I 


CTTGGTCTGATCCGAAT 


6827 


ATTCGGATCAGACCAAG 


6828 


Reduced linolenic acid 
omega-3 fatty acid 
rip^atura^p 

UCwUlUI www 

8rass/ca juncea 

Glu8Term 

GM-TAA 


TTCTTCTGGGGAGAGAGAGAGAGCAAAAGAGCTCTAGCAATGGCG 
AACTTGGTCTTATCCIAATGTGGCATAAGACCTCTCCCCAGAATCT 
ACACCACACCCAGATCCACTTTCCTCTCCA 


6829 


TGGAGAGGAAAGTGGATCTGGGTGTGGTGTAGATTCTGGGGAGA 
GGTCTTATGCCACATTAGGATAAGACCAAGTTCGCCATTGCTAGAG 
CTCTTI 1 GCTCTCTCTCTCTCCCCAGAAGAA 


6830 


TCTTATCCIAATGTGGC 


6831 


GCCACATTAGGATAAGA 


6832 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Brassica juncea 
Cys9Term 
TGT-TGA 


CTGGGGAGAGAGAGAGAGCAAAAGAGCTCTAGCAATGGCGAACTT 

GGTCTTATCCGAATGAGGCATAAGACCTCTCCCCAGAATCTACAC 

CACACCCAGATCCACTTTCCTCTCCAACACC 


6833 


GGTGTTGGAGAGGAAAGTGGATCTGGGTGTGGTGTAGATTCTGGG 
GAGAGGTCTTATGCCICATTCGGATAAGACCAAGTTCGCCATTGCT 
AfiAflPTP 1 1 1 1 fiPTPTPTPTPTPTCCCCAG 


6834 


TCCGAATGAGGCATAAG 


6835 


CTTATGCCTCATTCGGA 


6836 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Ricinus communis 
Trp5Term 
TGG-TGA 


ATAACAGAATTGCTGAA'I ICI IGCAI 1 1 1 IAGCI ICTGGGI 1 1 ICAA 
TGGCTGCTGGTTGAGTATTATCAGAATGTGGTTTAAGGCCTCTCCC 
AAGAATCTACTCACGACCCAGAATTGGT 


6837 


ACCAATTCTGGGTCGTGAGTAGATTCTTGGGAGAGGCCTTAAACC 
ACATTCTGATAATACTCAACCAGCAGCCATTGAAAACCCAGAAGCT 
AAAAATGCAAGAATTCAGCAATTCTGTTAT 


6838 
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GCTGGTTGAGTA7TATC 


6839 


GATAATACTCAACCAGC 


6840 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Ricinus communis 
LeuTTerm 
TTA-TGA 


AGMTTGCTGAATTCTTGCA 1 1 1 1 1 AGCTTCTGGGTTTTCAATGGCT 
GCTGGTTGGGTATGATCAGAATGTGGTTTAAGGCCTCTCCCAAGA 

ATCTAO 1 UAUbAOLUAoAA 1 1 bo 1 1 1 1 AL 


6841 


GTAAAACCMTTCTGGGTCGTGAGTAGATTCTTGGGAGAGGCCTT 
AAACCACATTCTGATCATACCCAACCAGCAGCCATTGAAAACCCAG 

A A PPT A A A A ATftP A A A ATTP A f5P A ATTPT 


6842 


TTGGGTATGATCAGAAT 


6843 


ATTCTGATCATACCCAA 


6844 


Reduced linolenic acid 
omega-3 fatty acid 

UcodLUi doc 

Ricinus communis 

Ser8Term 

TCA-TGA 


ATTGCIGAAI ICI IGCAI 1 1 1 IAGCI ICIGGGI 1 ITCAATGGCTGCT 
GGTTGGGTATTATGAGAATGTGGTTTAAGGCCTCTCCCAAGMTCT 
ArTrACGACCCAGAATTGGTTTTACATC 


6845 


GATGTAAAACCAATTCTGGGTCGTGAGTAGATTCTTGGGAGAGGC 
CTTAAACCACATTCTCATAATACCCAACCAGCAGCCATTGAAAACC 
CAGAAGCTAAAAATGCAAGAATTCAGCAAT 


6846 


GGTATTATGAGAATGTG 


6847 


CACATTCTCATAATACC 


6848 


Reduced linolenic acid 
omega-3 fatty acid 

UCOGlUI GDC 

Ricinus communis 

Glu9Term 

GAA-TAA 


TGCTGAATTCTTGCAI 1 1 1 1 AGCTTCTGGGTTTTCAATGGCTGCTG 
GTTGGGTATTATCATAATGTGGTTTAAGGCCTCTCCCAAGAATCTA 
CTCACGACCCAGAATTGG7TTTACATCGA 


6849 


TCGATGTAAAACCAATTCTGGGTCGTGAGTAGATTCTTGGGAGAG 
GCCTTAAACCACATTATGATAATACCCAACCAGCAGCCATTGAAAA 

PPPAPAA^PTAAAAATftPAAftAATTPAftPA 
LL»UAonr\oLf 1 MAMMA 1 Ol/MAoMA 1 1 UAOwM 


6850 


TATTATCAIAATGTGGT 


6851 


ACCACATTATGATAATA 


6852 


Reduced linolenic acid 
omega-3 fatty acid 

Hocoti irsco 
UcodlUldbc 

Nicotiana tabacum 

Arg22Term 

AGA-TGA 


GCAAG'I IGGGI 1 1 IAICAGAAIGTGGTCI 1 AGACCACTCCCAAGAA 
TCTACCCTAAGCCCIGAACTGGGGCAGCCACTTCTGCCTCCTCTC 
ArATTAAGTTftAGAATTTf!A("!GTAfIAGATC 


6853 


GATCTGTACGTGAAATTCTCAACTTAATGTGAGAGGAGGCAGAAGT 
GGCTGCCCCAGTTCAGGGCTTAGGGTAGATTCTTGGGAGTGGTCT 
AAGACCACATTCTGATAAAACCCAACTTGC 


6854 


CTAAGCCCTGAACTGGG 


6855 


CCCAGTTCAGGGCTTAG 


L 6856 
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Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CTCCCAAGAATCTACCCTAAGCCCAGAACTGGGGCAGCCACTTCT 
GCCTCCTCTCACATTTAGTTGAGAATTTCACGTACAGATCTGAGTG 

ATTAT/N A* A 'm'^VTT'I /">"T"/"*T* A A T A /">T A ATA 

GnCTGCMTTTCTTTGTCTAATACTAATA 


6857 


Nicotiana tabacum 
Lys34Term 

Ahfl TAP 

AAo- 1 Ao 


TATTAGTATTAGACAAAGAAATTGCAGAACCACTCAGATCTGTACG 
TGAAATTCTCAACTAAATGTGAGAGGAGGCAGAAGTGGCTGCCCC 
AbTTLTbGbUTTAbbb 1 AbA 1 1 0 ITbbbAb 


6858 




CTCACATTTAGTTGAGA 


6859 




TCTCAACTAAATGTGAG 


6860 


Reduced linolenic acid 
omega-3 fatty acid 

Hoc at i iraco 


CAAGAATCTACCCTAAGCCCAGAACTGGGGCAGCCACTTCTGCCT 
CCTCTCACATTAAGTAGAGAATTTCACGTACAGATCTGAGTGGTTC 

TCP A ATTTPTTTftTPT A ATA PTA ATA AAftA 
1 OLrMM 1 1 1 L> 1 1 IOIUI MM 1 r\\j 1 MM 1 MMMOM 


6861 


Nicotiana tabacum 

Leu35Term 

TTG-TAG 


TCTTTATTAGTATTAGACAAAGAAATTGCAGAACCACTCAGATCTGT 
ACGTGAAATTCTCIACTTAATGTGAGAGGAGGCAGAAGTGGCTGC 


6862 




CATTAAGTAGAGAATTT 


6863 




AAATTCTCIACTTAATG 


6864 


Reduced linolenic acid 
omega-3 fatty acid 

ucodiui doc 


AGAATCTACCCTAAGCCCAGAACTGGGGCAGCCACTTCTGCCTCC 
TCTCACATTAAGTTGIGAATTTCACGTACAGATCTGAGTGGTTCTG 

rAATTTrTTTftTfTAATAfTAATAAAftAftA 


6865 


Nicotiana tabacum 
Arg36Term 

AbA- 1 b A 


TCTCTTTATTAGTATTAGACAAAGAAATTGCAGAACCACTCAGATCT 
GTACGTGAAATTCACAACTTAATGTGAGAGGAGGCAGAAGTGGCT 
GCCCCAGTTCTGGGCTTAGbbTAbATTCT 


6866 




TTAAGTTGIGAATTTCA 


6867 




TGAAATTCACAACTTAA 


6868 


Reduced linolenic acid 
omega-3 fatty acid 

Hoc aii itqco 


GCGAGTTGGGI 1 1 IAICAGAATGTGGTCTGAGGCUACTCCCGAGG 

GTCTATCCTAAGCCAIGAACTGGCCACCCTTTGTTGAATTCCAATC 
pp a p a a a rsPTfs a ft attttp a a a a p a ft atp 

wLrMLrAMMoLr 1 oMoA 1 1 1 1 OMMbMMLrMbM 1 Lr 


6869 


Sesamum indicum 
Arg22Term 

AGA-TfiA 


GATCTGnCTTGAAAATCTCAGCTTTGTGGGATTGGAATTCAACAA 
AGGGTGGCCAGTTCATGGCTTAGGATAGACCCTCGGGAGTGGCC 

TPAftAPPAPATTPTftATAAAAPPPAAPTPftP 
1 LrAoMOLrMUM 1 1 Lr 1 bM 1 MMMMLrUOMMO 1 Obu 


6870 




CTAAGCCAIGAACTGGC 


6871 




GCCAGTTCATGGCTTAG 


6872 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CAGAATGTGGTCTGAGGCCACTCCCGAGGGTCTATCCTAAGCCAA 
GAACTGGCCACCCTTAGTTGAATTCCAATCCCACAAAGCTGAGATT 
TTCAAGAACAGATCTTGGAAATGGTTCTTC 


6873 


Sesamum indicum 

Leu27Term 

TTG-TAG 


GMGMCCATTTCCAAGATCTGTTCTTGAAAATCTCAGCTTTGTGG 
GATTGGAATTCAACTAAGGGTGGCCAGTTCTTGGCTTAGGATAGA 
CCCTCGGGAGTGGCCTCAGACCACATTCTG 


6874 
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CCACCCTTAGTTGAATT 


6875 




AATTCAACTAAGGGTGG 


6876 


Reduced linolenic acid 
omega-3 fatty acid 

UCodlUI doc 


AATGTGGTCTGAGGCCACTCCCGAGGGTCTATCCTAAGCCAAGAA 
CTGGCCACCCTTTGTAGMTTCCMTCCCACAMGCTGAGATTTTC 

AARAAPARATPTTRRAAATRRTTPTTPATT 
rvAvjrvAwrAvjM lull yuwin i oo I I u I I wM i i 


6877 


Sesamum indicum 

Leu28Term 

TTG-TAG 


MTGMGMCCATTTCCAAGATCTGTTCTTGAAAATCTCAGCTTTGT 

GGGATTGGAATTCTACAAAGGGTGGCCAGTTCTTGGCTTAGGATA 

RAPPPTPRRRARTRRPPTPARAPPAPATT 

Unwuw 1 wOOOAO 1 OOOO 1 Onunu unutt 1 1 


6878 




CCCTTTGTAGAATTCCA 


6879 




TGGAATTCIACAAAGGG 


6880 


Reduced linolenic acid 
omega-3 fatty acid 

Ucoaiuraoc 


CTCCCGAGGGTCTATCCTAAGCCAAGAACTGGCCACCCTTTGTTG 
MTTCCMTCCCACATAGCTGAGATTTTCAAGAACAGATCTTGGAA 

ATrSf5TTfTTf fc ATTPTfTrnTTTPft A (2TfZ(2(2 A 
A 1 Uu MUM \jr\ 1 1 Lr 1 0 1 1 1 O 1 UbnO 1 obbA 


| 6881 


Sesamum indicum 
Lys34Term 

AAb- 1 Ab 


TCCCACTCGACAAACAGAATGAAGAACCATTTCCAAGATCTGTTCT 
TGAAAATCTCAGCTATGTGGGATTGGAATTCAACAAAGGGTGGCC 
AGTTCTTGGCTTAGGATAGACCCTCGGGAG 


6882 




ATCCCACATAGCTGAGA 


6883 




TCTCAGCTATGTGGGAT 


6884 


Reduced linolenic acid 
omega-3 fatty acid 

UcodLUl dotJ 


CATCAGAGCGGCGATACCTAAGCATTGCTGGGTTAAGAATCCATG 
GAAGTCTATGAGTTAGGTCGTCAGAGAGCTAGCCATCGTGTTCGC 

APTARPTRPTRRARfTRrTTAPPTPAAPAAT 
ALi 1 AOly 1 OL> 1 OOAOV_» 1 OO 1 1 AV»<L> 1 L»AAL>AA 1 


6885 


Brassica napus 

Tyr3Term 

TAC-TAG 


ATTGTTGAGGTAAGCAGCTCCAGCAGCTAGTGCGAACACGATGGC 
TAGCTCTCTGACGACCTAACTCATAGACTTCCATGGATTCTTAACC 
PARPAATRPTTARRTATPRPPRPTPTRATR 

urtwfln 1 uu 1 1 AOO 1 A 1 uUwuv 1 v 1 OA 1 O 


6886 




ATGAGTTAGGTCGTCAG 


6887 




CTGACGACCTAACTCAT 


6888 


Reduced linolenic acid 
omega-3 fatty acid 

rift f* oti iropA 

aesaturase 


GCGGCGATACCTAAGCATTGCTGGGTTAAGAATCCATGGAAGTCT 
ATGAGTTACGTCGTCIGAGAGCTAGCCATCGTGTTCGCACTAGCT 

^PT^^APPTP^TTAPrT^A APAATTPPPTTP 

bU 1 bbAbb 1 bO 1 1 AOO 1 UAAbAA 1 1 bbO 1 1 b 


6889 


Brassica napus 

Arg6Term 

AGA-TGA 


CAAGCCAATTGTTGAGGTAAGCAGCTCCAGCAGCTAGTGCGAACA 
CGATGGCTAGCTCTCAGACGACGTAACTCATAGACTTCCATGGAT 
TCTTAACCCAGCAATGCTTAGGTATCGCCGC 


6890 




ACGTCGTCTGAGAGCTA ' 


6891 




TAGCTCTCAGACGACGT 


6892 
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Reduced linolenic acid 
omega-3 fatty acid 
aesaturase 
Brassica napus 
Glu/Term 
GAG-TAG 


GCGATACCTAAGCATTGCTGGGTTAAGAATCCATGGAAGTCTATGA 
GTTACGTCGTCAGATAGCTAGCCATCGTGTTCGCACTAGCTGCTG 

PAPPT/^PTTAPPTPAAPAATTfif^PTTfTnT 
bAbLr I bO I I ALrU I OAAUAA I I bbO I I b I II 


6893 


AAACAAGCCAATTGTTGAGGTAAGCAGCTCCAGCAGCTAGTGCGA 
ACACGATGGCTAGCTATCTGACGACGTAACTCATAGACTTCCATG 

fiATTPTTAAPPPAfiPAATftPTTAftftTATPfjr 


6894 


TCGTCAGATAGCTAGCC 


6895 


GGCTAGCTATCTGACGA 


6896 


Reduced linolenic acid 
omega-3 fatty acid 
aesaiurase 
Brassica napus 
Gly17Term 
GGA-TGA 


CCATGGAAGTCTATGAGTTACGTCGTCAGAGAGCTAGCCATCGTG 
TTCGCACTAGCTGCTTGAGCTGCTTACCTCAACAATTGGCTTGTTT 

rifiPPTPTPT ATTnri ATT/^PTP A A^r5 A A PP A 
bbOO I U I L»l A I I bbA I I bu I UAAbbAAOLrA 


6897 


TGGTTCCTTGAGCMTCCAATAGAGAGGCCAAACAAGCCAATTGTT 

GAGGTMGCAGCTCAAGCAGCTAGTGCGAACACGATGGCTAGCT 

CTCTGACGACGTAACTCATAGACTTCCATGG 


6898 


TAGCTGCTTGAGCTGCT 


6899 


AGCAGCTCAAGCAGCTA 


6900 


Reduced linolenic acid 
omega-3 fatty acid 
aesaturase 
Solanum tuberosum 
Arg22Term 
AGA-TGA 


GCMGTTGGGTTCTATCAGAATGTGGTCTTAGACCACTACCAAGAA 
TATACCCAAAGCCCIGAATAGGGTCTTCTTCCGTTTGCGCCACCAA 

TTT A A ATPTP A P A A P A ATTTP A PPTTP A P 

I I I AAA 1 0 1 bAb AAb AA I I IUALUI lUAu 


6901 


GTGAAGGTGAAATTCTTCTCAGATTTAAATTGGTGGCGCAAACGGA 
AGAAGACCCTATTCAGGGCTTTGGGTATATTCTTGGTAGTGGTCTA 

AoAlA/AOAl 1 0 1 bA I AbAAlAA/AAL I loO 


6902 


CAAAGCCCIGAATAGGG 


6903 


CCCTATTCAGGGCTTTG 


6904 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Solanum tuberosum 
Cys29Term 
TGC-TGA 


TGGTCTTAGACCACTACCAAGAATATACCCAAAGCCCAGAATAGG 
GTCTTCTTCCGTTTGAGCCACCMTTTAMTCTGAGMGMTTTCA 
CCTTCACCTATACGAACAGATCGGAATTGT 


6905 


ACAATTCCGATCTGTTCGTATAGGTGAAGGTGAAATTCTTCTCAGA 
TTTAMTTGGTGGCTCAAACGGAAGAAGACCCTATTCTGGGCTTTG 
GGTATATTCTTGGTAGTGGTCTAAGACCA 


6906 


TCCGTTTGAGCCACCAA 


6907 


TTGGTGGCICAAACGGA 


6908 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Solanum tuberosum 
Leu33Term 
TTA-TGA 


CACTACCAAGAATATACCCAAAGCCCAGAATAGGGTCTTCTTCCGT 

TTGCGCCACCAATTGAAATCTGAGAAGMTTTCACCTTCACCTATA 

CGAACAGATCGGAATTGTTGGGCATTGAG 


6909 


CTCAATGCCCAACMTTCCGATCTGTTCGTATAGGTGAAGGTGAAA 
TTCTTCTCAGATTTCAATTGGTGGCGCAAACGGAAGAAGACCCTAT 
TCTGGGCTTTGGGTATATTCTTGGTAGTG 


6910 
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CACCAATTGAAATCTGA 


6911 


TCAGATTTCAATTGGTG 


6912 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Solanum tuberosum 
Arg36Term 
AGA-TGA 


AGAATATACCCAAAGCCCAGAATAGGGTCTTCTTCCGTTTGCGCCA 
CCAATTTAAATCTGIGAAGAATTTCACCTTCACCTATACGAACAGAT 
CGGAATTGTTGGGCATTGAGGGTAAGTG 


6913 


CACTTACCCTCAATGCCCAACAATTCCGATCTGTTCGTATAGGTGA 
AGGTGAAATTCnCACAGATTTAAATTGGTGGCGCAAACGGAAGAA 

oAOOL> 1 A 1 1 U 1 bbbO 1 1 1 bob 1 A 1 A 1 1 U 1 


6914 


TAAATCTGTGAAGAATT 


6915 


AATTCTTCACAGATTTA 


6916 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Petroselinum crispum 
Trp4Term 
TGG-TGA 


CTCTTTATTATCCTCCTCTTCTTTG 1 1 1 1 1 1 1 1 GAG ITCTGAGTCACC 

TATGGCAAGTTGAGTGATTTCAGMTGTGGGCTAAGGCCACTTCC 

AAGAATCTATGCCAGGCCCAGAAGTGGA 


6917 


TCCACTTCTGGGCCTGGCATAGATTCTTGGAAGTGGCCTTAGCCC 
ACATTCTGAAATCACICAACTTGCCATAGGTGACTCAGAACTCAAA 
AAAAAPAAAGAAGAGGAGGATAATAAAGAG 


6918 


GCAAGTTGAGTGATTTC 


6919 


GAAATCACTCAACTTGC 


6920 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Petroselinum crispum 
Ser7Term 
TCA-TGA 


IAICCICCICI ICI 1 IGI 1 1 1 1 1 1 IGAGI ICIGAGICACCIAIGGCA 
AGTTGGGTGATTTGAGAATGTGGGCTAAGGCCACTTCCAAGAATC 
TATGCCAGGCCCAGAAGTGGAGCTTCATG 


6921 


CATGAAGCTCCACTTCTGGGCCTGGCATAGATTCTTGGMGTGGC 
CTTAGCCCACATTCTCAAATCACCCAACTTGCCATAGGTGACTCAG 

A APTPA A A A A A A APA A A OA A^AOPA^PATA 

AAO 1 UAAAAAAAALrAAAoAAoAuoAbbA 1 A 


6922 


GGTGATTTGAGAATGTG 


6923 


CACATTCTCAAATCACC 


6924 | 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Petroselinum crispum 
Glu8Term 
GAA-TAA 


TCCTCCTCTTCTTTGI 1 1 1 1 1 1 1 GAGTTCTGAGTCACCTATGGCAAG 
TTGGGTGA7TTCATAATGTGGGCTAAGGCCACTTCCAAGAATCTAT 
r^ppAftr^ppp A^AArrrr^AfiPTTPATfTrr 


6925 


AACATGAAGCTCCACTTCTGGGCCTGGCATAGATTCTTGGAAGTG 
GCCTTAGCCCACATTATGAAATCACCCAACTTGCCATAGGTGACTC 
AGAACTCAAAAAAAACAAAGAAGAGGAGGA ! 


6926 


TGATTTCATAATGTGGG 


6927 


CCCACATTATGAAATCA 


6928 j 
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Reduced linolenic acid 
omega-3 fatty acid 

UCodlUI dot? 

Petroselinum crispum 

Cys9Term 

TGT-TGA 


CICI ICI 1 IGI 1 1 1 1 1 1 IGAGI ICIGAGICACCIA1GGCAAGI IGGG 

TGATTTCAGAATGAGGGCTAAGGCCACTTCCAAGAATCTATGCCA 

GGCCCAGAAGTGGAGCTTCATGTTTCAAC 


6929 


GTTGAAACATGAAGCTCCACTTCTGGGCCTGGCATAGATTCTTGGA 
AGTGGCCTTAGCCCTCATTCTGAAATCACCCAACTTGCCATAGGTG 
ACTCAGAACTCAAAAAAAACAAAGAAGAG 


6930 


\ LrAvjAA 1 bAbbbO 1 AAb 


6931 




6932, 


Reduced linolenic acid 
omega-3 fatty acid 

UcSdlUrdSc 

Vemicia fordii 

Lys21Term 

AAA-TAA 


ATGAAGCAGCAACAGTACAAAGACACCCCAATTCTAMTGGCGTTA 
ATGGI 1 1 1 CATGCTTAAGAAGAAGAAGAAGAAGAGGATTTCGACTT 
AAGCAATCCTCCTCCATTCAATATTGGTC 


6933 


GACCAATATTGAATGGAGGAGGATTGCTTAAGTCGAAATCCTCTTC 
TTCnCTTCTTCTTAAGCATGAAAACCATTAACGCCATTTAGAATTG 
GGGTGTCTTTGTACTGTTGCTGCTTCAT 


6934 


TTCATGCTTAAGAAGAA 


6935 


TTfTTY^TT A A (T* ATP A A 


6936 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Vemicia fordii 
Glu22Term 
GAA-TAA 


AAGCAGCAACAGTACAAAGACACCCCAATTCTAAATGGCGTTAATG 

GTTTTCATGCTAAATAAGAAGAAGAAGAAGAGGATTTCGACTTAAG 

CAATCCTCCTCCATTCAATATTGGTCAGA 


6937 


TCTGACCAATATTGAATGGAGGAGGATTGCTTAAGTCGAAATCCTC 
TTCnCTTCTTCTTATTTAGCATGAAAACCATTAACGCCATTTAGAA 
TTGGGGTGTCTTTGTACTGTTGCTGCTT 


6938 


ATOPTA A ATA APA A/^AA 

A 1 bO 1 AAATAAbAAbAA 


6939 


TTPTTPTTA 1 I 1 A OP AT 


6940 


Reduced linolenic acid 
omega-3 fatty acid 
aesaiurase 
Vemicia fordii 
Glu23Term 
GAA-TAA 


CAGCAACAGTACAAAGACACCCCAATTCTAAATGGCGTTAATGGTT 
TTCATGCTAAAGAAIAAGAAGAAGAAGAGGATTTCGACTTAAGCAA 
TCCTCCTCCATTCAATATTGGTCAGATCC 


6941 


GGATCTGACCAATATTGAATGGAGGAGGATTGCTTAAGTCGAAATC 

CTCTTCTTCTTCTTATTCTTTAGCATGAAAACCATTAACGCCATTTA 

GAATTGGGGTGTCTTTGTACTGTTGCTG 


6942 


CTAAAGAATAAGAAGAA 


6943 


TTCTTCTTATTCTTTAG 


6944 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Vemicia fordii 
Glu24Term 
GAA-TAA 


CAGCAACAGTACAAAGACACCCCAATTCTAAATGGCGTTAATGGTT 
TTCATGCTAAAGAATAAGAAGAAGAAGAGGATTTCGACTTAAGCAA 
TCCTCCTCCATTCAATATTGGTCAGATCC 


6945 


GGATCTGACCAATATTGAATGGAGGAGGATTGCTTAAGTCGAAATC 

CTCnCTTCTTCTTATTCTTTAGCATGAAAACCATTAACGCCATTTA 

GAATTGGGGTGTCTTTGTACTGTTGCTG 


6946 
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CTAAAGAAIAAGAAGAA 


6947 




TTCTTCTTATTCTTTAG 


6948 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


GGTCCAAGCACAGCCTCTACAACATGTTGGTAATGGTGCAGGGAA 
AGAAGATCAAGCTTAGTTTGATCCAAGTGCTCCACCACCCTTCMG 
ATTGCAAATATCAGAGCAGCAATTCCAAAA 


6949 


Glycine max 

Tyr21Term 

TAT-TAG 


1 1 1 IGGAAI IGCIGCICIGAIAI 1 IGCAAICI 1 GAAGGGTGGTGGA 
GCACTTGGATCAAACTMGCTTGATCnCTTTCCCTGCACCATTAC 
CAACATGTTGTAGAGGCTGTGCTTGGACC 


6950 




CAAGCTTAGTTTGATCC 


6951 




GGATCAAACTAAGCTTG 


6952 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


GGTAATGGTGCAGGGAAAGAAGATCAAGCTTATTTTGATCCAAGTG 
CTCCACCACCCTTCTAGATTGCAAATATCAGAGCAGCAATTCCAAA 
ACATTGCTGGGAGAAGAACACATTGAGAT 


6953 


Glycine max 

Lys31Term 

AAG-TAG 


ATCTCAATGIGI ICI ICICCCAGCAAIGI 1 1 IGGAAI IGCIGCICI 

GATATTTGCAATCTAGAAGGGTGGTGGAGCACTTGGATCAAAATAA 

GCTTGATCTTCTTTCCCTGCACCATTACC 


6954 




CACCCTTCIAGATTGCA 


6955 




TGCAATCTAGAAGGGTG 


6956 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 

VI villi! tWv 


AAAGAAGATCAAGCTTATTTTGATCCAAGTGCTCCACCACCCTTCA 
AGATTGCAAATATCTGAGCAGCAATTCCAAAACATTGCTGGGAGAA 
GAACACATTGAGATCTCTGAGTTATGTTC 


6957 


Glycine max 

Arg36Term 

AGA-TGA 


GAACATAACTCAGAGATCTCAATGTGTTCTTCTCCCAGCAATGTTTT 

GGAATTGCTGCTCAGATATTTGCAATCTTGAAGGGTGGTGGAGCA 

CTTGGATCAAAATAAGCTTGATCTTCTTT 

1 1 \ 1 %^ff iff iff iff 1 v ff w t^^\^ 1 1 % 1 • ■ ■ ■ ■ 


6958 




CAAATATCTGAGCAGCA 


6959 




TGCTGCTCAGATATTTG 


6960 


Reduced linolenic acid 
omega-3 fatty acid 

ripcati iraQP 
UcodLUl doC 


TATTTTGATCCAAGTGCTCCACCACCCTTCAAGATTGCAAATATCA 

GAGCAGCAATTCCATAACATTGCTGGGAGAAGAACACATTGAGATC 

TCTGAGTTATGTTCTGAGGGATGTGTTGG 


6961 


Glycine max 

Leu41Term 

AAA-TAA 


CCAACACATCCCTCAGAACATAACTCAGAGATCTCAATGTGTTCTT 
CTCCCAGCAATGTTATGGMTTGCTGCTCTGATATTTGCAATCTTG 
AAGGGTGGTGGAGCACTTGGATCAAAATA 


6962 




CAATTCCATAACATTGC 


6963 




GCAATGTTATGGAATTG 


6964 
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Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CATCCACCCGCACCCGCACCCGCCCCGCTGACGGCGGCMTGGC 
CCGGCTCGTGCTCTCCIAGTGCTCGGGCCTCGCGCCCGTCCGCC 
GCCTGCGCGCCGGCCGGGGCGCCATTGCGGCGC 


! 6965 


Zea mays 
Glu8Term 
GAG-TAG 


GCGCCGCAATGGCGCCCCGGCCGGCGCGCAGGCGGCGGACGG 
GCGCGAGGCCCGAGCACTAGGAGAGCACGAGCCGGGCCATTGC 
CGCCGTCAGCGGGGCGGGTGCGGGTGCGGGTGGATG 


6966 




TGCTCTCCIAGTGCTCG 


; 6967 




CGAGCACTAGGAGAGCA 


6968 


Reduced linolenic acid 
omega-3 fatty acid 
uesdiurase 


ACCCGCACCCGCACCCGCCCCGCTGACGGCGGCAATGGCCCGG 
CTCGTGCTCTCCGAGTGATCGGGCCTCGCGCCCGTCCGCCGCCT 


6969 


Zea mays 
Cys9Term 
TGC-TGA 


TGACCGCGCCGCAATGGCGCCCCGGCCGGCGCGCAGGCGGCGG 

ACGGGCGCGAGGCCCGAICACTCGGAGAGCACGAGCCGGGCCA 

TTGCr.GCnGTr.AGr.GGGGCGGGTGCGGGTGCGGGT 


6970 




TCCGAGTGATCGGGCCT 


6971 




AGGCCCGATCACTCGGA 


6972 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CCGCACCCGCACCCGCCCCGCTGACGGCGGCAATGGCCCGGCT 

CGTGCTCTCCGAGTGCTAGGGCCTCGCGCCCGTCCGCCGCCTGC 

GCGCCGGCCGGGGCGCCATTGCGGCGCGGTCACC 


6973 


Zea mays 

SerlOTerm 

TCG-TAG 


GGTGACCGCGCCGCAATGGCGCCCCGGCCGGCGCGCAGGCGGC 
GGACGGGCGCGAGGCCCTAGCACTCGGAGAGCACGAGCCGGGC 
CATTGCCGCCGTCAGCGGGGCGGGTGCGGGTGCGG 


6974 




CGAGTGCTAGGGCCTCG 


6975 




CGAGGCCCTAGCACTCG 


6976 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


GCTCGGGCCTCGCGCCCGTCCGCCGCCTGCGCGCCGGCCGGGG 

CGCCAnGCGGCGCGGTGACCCCCCGCGCTCTCCGCGGCGCCG 

CGCCGTCGTCCCGCGTCCGCGTCCATCCACCGCGA 


6977 


Zea mays 
Ser29Term 

TCA-TfiA 


TCGCGGTGGATGGACGCGGACGCGGGACGACGGCGCGGCGCCG 
CGGAGAGCGCGGGGGGTCACCGCGCCGCAATGGCGCCCCGGCC 

GGPGrGrAGGrGGrGGArGGGPGnGAGGCinnGAGn 


6978 




GGCGCGGTGACCCCCCG 


6979 




CGGGGGGTCACCGCGCC 


6980 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CCCCCTCCCCCACGCACACGCACAGATCCA 1 CCGCGGCCATGGC 
CCCCGCAATGAGGCCGTAGCAGGAGGCGAGCTGCAAGGCCACC ! 
GAGGACCACCGCTCCGAGTTCGACGCCGCCAAGC 


6981 


Triticum aestivum 

Glu8Term 

GAG-TAG 


GCTTGGCGGCGTCGAACTCGGAGCGGTGGTCCTCGGTGGCCTTG 
CAGCTCGCCTCCTGCTACGGCCTCATTGCGGGGGCCATGGCCGC 
GGATGGATCTGTGCGTGTGCGTGGGGGAGGGGG 


6982 
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SEQ1D 

: NO: 




TGAGGCCGIAGCAGGAG 


6983 


CTCCTGCTACGGCCTCA 


6984 


Reduced linolenic acid 
omega-3 fatty acid 
aesaturase 
Triticum aestivum 
Gln9Term 
CAG-TAG 


CCTCCCCCACGCACACGCACAGATCCATCCGCGGCCATGGCCCC 

CGCAATGAGGCCGGAGIAGGAGGCGAGCTGCMGGCCACCGAG 

GACCACCGCTCCGAGTTCGACGCCGCCAAGCCGC 


6985 


GCGGCTTGGCGGCGTCGAACTCGGAGCGGTGGTCCTCGGTGGC 
CTTGCAGCTCGCCTCCTACTCCGGCCTCATTGCGGGGGCCATGG 
CCGCGGATGGATCTGTGCGTGTGCGTGGGGGAGG 


6986 


GGCCGGAGTAGGAGGCG 


6987 


CGCCTCCTACTCCGGCC 


6988 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Triticum aestivum 
GlulOTerm 
GAG-TAG 


CCCCCACGCACACGCACAGATCCATCCGCGGCCATGGCCCCCGC 
AATGAGGCCGGAGCAGIAGGCGAGCTGCAAGGCCACCGAGGACC 


6989 


GCGGCGGCTTGGCGGCGTCGAACTCGGAGCGGTGGTCCTCGGT 
GGCCTTGCAGCTCGCCTACTGCTCCGGCGTCATTGCGGGGGCCA 

1 bb L/L»b UbbA 1 obA 1 0 1 o 1 bUb 1 b 1 bub 1 obobb 


6990 


CGGAGCAGTAGGCGAGC 


6991 


GCTCGCCTACTGCTCCG 


6992 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Triticum aestivum 
Cys13Term 
TGC-TGA 


ACGCACAGATCCATCCGCGGCCATGGCCCCCGCAATGAGGCCGG 

AGCAGGAGGCGAGCTGAAAGGCCACCGAGGACCACCGCTCCGA 

GTTCGACGCCGCCAAGCCGCCGCCCTTCCGCATC 


6993 


GATGCGGAAGGGCGGCGGCTTGGCGGCGTCGAACTCGGAGCGG 
TGGTCCTCGGTGGCCTTTCAGCTCGCCTCCTGCTCCGGCCTCATT 
GCGGGGGCCATGGCCGCGGATGGATCTGTGCGT 


6994 


GCGAGCTGAAAGGCCAC 


6995 


GTGGCCT 


FICAGCTCGC 


6996 


Reduced linolenic acid 
omega-3 fatty acid. 

UCOCUUI uOC 

Oryza sativa 

Ser4Term 

TCG-TAG 


CTTCACAAATCACAAATCGGAATCAGATCCACCACGACACCOCGG 
CGGCAATGGCGGCGTAGGCGACCCAGGAGGCCGACTGCMGGC 
TTCCGAGGACGCCCGTCTCTTCTTCGACGCCGC 


6997 


GCGGCGTCGAAGAAGAGACGGGCGTCCTCGGAAGCCTTGCAGTC 
GGCCTCCTGGGTCGCCTACGCCGCCATTGCCGCCGGGGTGTCGT 
GGTGGATCTGAnCCGATTTGTGATTTGTGAAG 


6998 


GGCGGCGTAGGCGACCC 


6999 


GGGTCGCCIACGCCGCC 


7000 
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:liint^:Targeiill!: 
Alteration 


* -I..: ^ « ... , ~ * - - ' * 


SEQID 

mk 


Reduced linolenic acid 
omega-3 fatty acid 
aesaiurase 
Oryza sativa 
Gln7Term 
CAG-TAG 


ATCACAAATCGGAATCAGATCCACCACGACACCCCGGCGGCAATG 
GCGGCGTCGGCGACCIAGGAGGCCGACTGCAAGGCTTCCGAGG 


7001 


GGGGCTTGGCGGCGTCGMGAAGAGACGGGCGTCCTCGGAAGC 

CTTGCAGTCGGCCTCCTAGGTCGCCGACGCCGCCATTGCCGCCG 

GGGTGTnfiTGGTGGATCTGATTCnGATTTGTGAT 


7002 


CGGCGACCIAGGAGGCC 


7003 


GGCCTCCTAGGTCGCCG 


7004 


Reduced linolenic acid 
omega-3 fatty acid 

Hocafiiracp 
UcodlUl ooc 

Oryza sativa 

Glu8Term 

GAG-TAG 


ACAAATCGGAATCAGATCCACCACGACACCCCGGCGGCAATGGC 

GGCGTCGGCGACCCAGIAGGCCGACTGCAAGGCTTCCGAGGACG 

OfiCGTCTCTTCTTCGACGCCGCCAAGCCCCCGC 


7005 


GCGGGGGCTTGGCGGCGTCGAAGAAGAGACGGGCGTCCTCGGA 
AGCCTTGCAGTCGGCCTACTGGGTCGCCGACGCCGCCATTGCCG 
CnGGGGTGTCGTGGTGGATCTGATTCCGATTTGT 


7006 


CGACCCAGIAGGCCGAC 


7007 


GTCGGCCTACTGGGTCG 


7008 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Oryza sativa 
CyslOTerm 
TGC-TGA 


TCAGATCCACCACGACACCCCGGCGGCAATGGCGGCGTCGGCGA 
CCCAGGAGGCCGACTGAAAGGCTTCCGAGGACGCCCGTCTCTTC 
TTCGACGCCGCCAAGCCCCCGCCCTTCCGCATC 


7009 


GATGCGGAAGGGCGGGGGCTTGGCGGCGTCGAAGAAGAGACGG 
GCGTCCTCGGAAGCCTTTCAGTCGGCCTCCTGGGTCGCCGACGC 
CGCCATTGCCGCCGGGGTGTCGTGGTGGATCTGA 


7010 


GCCGACTGAAAGGCTTC 


7011 


GAAGCCTTTCAGTCGGC 


7012 
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WHAT IS CLAIMED IS: 

1 . An oligonucleotide for targeted alteration of genetic sequence, comprising a single- 
stranded oligonucleotide having a DNA domain, said DIMA domain having at least one mismatch with respect 
to the genetic sequence to be altered, and further comprising chemical modifications of the oligonucleotide, 
said chemical modifications selected from the group consisting of an o-methyl modification, an LNA 
modification including LNA derivatives and analogs, two or more phosphorothioate linkages on a terminus, 
and a combination of any two or more of these modifications. 

2. The oligonucleotide according to claim one that comprises two or more 
phosphorothioate linkages on at least the 3' terminus. 

3. The oligonucleotide according to claim one that comprises a 2-O-methyl analog. 

4. The oligonucleotide according to claim one that comprises an LNA nucleotide, 
including an LNA derivative or analog. 

5. The oligonucleotide according to claim one that comprises a combination of at least 
two modifications selected from the group of a phosphorothioate linkage, a 2-O-methyl analog, a locked 
nucleotide analog and a ribonucleotide. 

6. The oligonucleotide according to any one of claims 1 to 5 that comprises at least 
one unmodified ribonucleotide. 

7. The oligonucleotide according to any one of claims 1 to 6, wherein the sequence of 
said oligonucleotide is selected from the group consisting of SEQ ID NOS: 4341-7012 . 



8. A method of targeted alteration of genetic material, comprising combining the target 
genetic material with an oligonucleotide according to any one of claims 1 to 7 in the presence of purified 
proteins. 
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9. A method of targeted alteration of genetic material, comprising administering to a 
cell extract an oligonucleotide of any one of claims 1 to 7. 

1 0. A method of targeted alteration of genetic material, comprising administering to a 
cell an oligonucleotide of any one of claims 1 to 7. 

11. A method of targeted alteration of genetic sequence in callus, comprising 
administering to the callus an oligonucleotide of any one of claims 1 to 7. 

12. A method of targeted alteration of genetic sequence, comprising combining target 
genetic material with an oligonucleotide according to any one of claims 1 to 7, said target genetic material 
being a non-transcribed DNA strand of a duplex DNA. 

1 3. The genetic material obtained by any one of the methods of claim 8, 9 or claim 1 0. 

1 4. A cell comprising the genetic material of claim 1 3. 

1 5. A plant organism comprising the cell according to claim 1 4. 

1 6. A plant or plant part produced by the method of claim 1 1 . 

1 7. A method of determining whether an oligonucleotide is optimized for targeted 
alteration of a genetic sequence, which comprises: 

(a) comparing the efficiency of alteration of a targeted genetic sequence by an oligonucleotide of 
any one of claims 1 to 7 with the efficiency of alteration of the same targeted genetic sequence by a second 
oligonucleotide, said second oligonucleotide selected from the group of an oligonucleotide that lacks the 
mismatch, a fully modified phosphorothiolated oligonucleotide, a fully modified 2-O-methylated 
oligonucleotide and a chimeric double-stranded double hairpin containing RNA and DNA nucleotides. 



WO 01/92512 



-205- 



PCT/US01/17672 



1 8. The method of claim 1 7 in which the alteration is produced in a plant cell extract 

1 9. The method of claim 1 7 in which the alteration is produced in a cell. 

20. A kit comprising the oligonucleotide according to any one of claims 1 to 7 and a 
second oligonucleotide selected from the group of an oligonucleotide that lacks the mismatch, a fully 
modified phosphorothiolated oligonucleotide, a fully modified 2-O-methylated oligonucleotide and a chimeric 
double stranded double hairpin containing RNA and DNA nucleotides. 
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Wild type: GAC AGC AT ^GCCAGT 
Mutant: GAC AGC AT - GCCAGT 
Converted: GAC AGC AT |]GCCAGT 



Sequence analysis of Tet r plasmid A208 
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HVCTE3T/25: 5 ' -AGG GCG TGG ATA CGT CCT GCG GGT A- 3' 



HvaE3T/7 4; 5'-CTC GTG CTT TCA GCT TCG ATG TAG GAG GGC 

GTG GAT ACG TCC TGC GGG TAA ATA GCT GCG 
CCG ATG GTT TCT AC-3 » 



HvaE3T/74a: 5 ' -GTA GAA ACC ATC GGC GCA GCT ATT TAC CCG 
CAG GAC GTA TCC ACG CCC TCC TAC ATC GAA 
GCT GAA AGC ACG AG- 3 ' 



HvaGG/Rev: 

T T 
/ \ / \ 

T ACATCCTCCCGCACCTATGCAGGACGCCCAT T 
T TGTAGGagggcguggaTAGGTccugcgggua T 
\ / / \ \ / 

T 3 ' 5' T 



Kan70T: 5 ' - CAT CAG AGC AGC CAA TTG TCT GTT GTG CCC AGT 
CGT AGC CGA ATA GCC TCT CCA CCC AAG CGG CCG GAG 
A-3' 



Figure 8 
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TTCGGCTA G GACTGG Neo/kan target 
AAGCCGAT C CTGACC mutant 



TTCGGCTA C GACTGG 
AAGCCGAT G CTGACC 



converted 
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Figure 10 
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